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LECTURE  X. 

I 

THE  PRINCIPLES  AND  ART  OF  DIALING. 

ifV.  DIAL  is  a  plane,  upon  which  lines  are  de*  lect. 
scribed  in  such  a  manner,  that  the  shadow  of  a .   ^- 
wire,  or  of  the  upper  edge  of  a  plate  stile, 
erected  perpendicularly  on  the  plane  of  the  dial,  ]^]^* 
may  shew  the  true  time  of  the  day. 

The  edge  of  the  plate  by  which  the  time  of 
the  day  is  found,  is  called  the  sdle  of  the  dial, 
which  must  be  parallel  to  the  earth's  axis ;  and 
the  line  on  which  the  said  plate  is  erected,  is 
called  the  substile. 

The  angle  included  between  the  substile  and 
stile,  is  called  the  deration,  or  height,  of  the 
stile. 

Those  dials  who^  planes  are  parallel  to  the 
plane  of  the  horizon,  are  called  horizontal  dials ; 
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2  Of  Dialing. 

LECT.  and  those  dials  whose  planes  are  perpendicular 
^'     .  to  the  plane  of  the  horizon,  are  called  vertical, 
or  erect,  sun-dials. 

Those  erect  dials,  whose  planes  directly  front 
the  north  or  south,  are  called  direct  north  or 
south  dials  ;  and  all  other  erect  4ials  are  called 
decliners,  because  their  planes  are  turned  away 
from  the  north  or  south. 

Those  dials,  whose  planes  are  neither  parallel 
nor  perpendicular  to  the  plane  of  their  horizon, 
are  called  inclining,  or  reclining  dials,  accord- 
ing as  their  planes  make  acute  or  obtuse  angles 
with  the  horizon ;  and  if  their  planes  are  also 
turned  aside  from  facing  the  south  or  north, 
tfiey  are  called  declining-mclining,  or  decliiling- 
reclining  dials. 

The  intersection  of  the  plane  of  the  dial,  with 
that  of  the  meridian,  passing  through  the  stile, 
is  called  the  meridian  of  the  dial,  or  the  hour- 
line  of  XII. 

Those  meridians,  whose  planes  pass  through 
the  stile,  and  make  angles  of  15,  30, 45^  GO,  75, 
and  90  degrees  with  the  meridian  of  the  place 
(which  marks  the  hour-line  of  XII)  are  called 
hoixr^ircles  ;  and  their  intersections  with  the 
plane  of  the  dial,  are  called  hour^ines. 

In  all  decliniag  dials,  the  subscile  makes  an 
angle  with  the  hoiur*liite  of  XII ;  and  this  angle 
is  called  the  distance  of  the  substile  hoxit  the 
meiidian. 

The  declining  plane's  diflerencc  of  longi*- 
tude,  is  the  angle  formed  at  the  intersection 
of  the  stik  and  plane  of  the  dial,  by  two 
meridians ;  one  ot  which  passes  through,  the 
hour-line  of  XU,  and  the  other  through  the 
substile* 


jTAw  thuch  h^ng  premised  concerning  dials  in   i^tct. 
general,  vie  skail  now  proceed  io  explain  the  dij^-      ^' 
ferent  methods  of  tfieir  tonsifkcction. 

if  the  \Wioie  ^fflrtfa,  a  P  icj&vrere  trart^pai'ttit,>LATE 
and  hoIioWj  like  a  sphere  of  rfa^s,  and  had  its  ^x. 
equator  divided  iritb  ^24  eqftkafpaits  by  so'maiy  '^•** 
meridian  seirwrcifcles,  «,  t,  Cy/iy.  Cjf^  gy  &c:  one^J^"*' 
of  which  fe  the  geographic^!  meridiiali  *  bf  Mylprincipie 
given  place,  as  London,  which  is  supposed  to  be^°;^^^** 
at  the  point  a ;  and  if  the  hours  of  Xll  wefe'dcpends. 
marked  at  the  equator,  both  upon  that  me- 
dian and  the  oppo^site  one,  ^d  all  the  resSt  6( 
the  houi^  in  order  on  the  rest  of  the  meri^diahs. 
those  mefidiMis  would  be  the  hour-circles  Of 
London  i  then,  if  the  sphere  had  an  opaque 
axis,  ^^  P  JSpy  terminating  in  the  pdles  P  aitd 
Py  the  shadow  of  the  a^isr  would  fail  upon  evety* 
particular  meridian  and  hour,  when  the  sun 
came  to  the  phne  of  the  oppbsite  merfdi^,  arid 
would  consequently  shew  the  time  at  Ldndto;  . ; 

and  at  all  ,other  places  on  the  Ineridian  of  Ltttt^ 
don.  '  .  ' 

If  tW  sphere  vo^s  cut  thi'ough  the  middle  Wff^mmifaS 
a  solid  plane  ASCt)y  in' thi?  rational  horfztfft;  W^" 
London,  one  half  6i  fh<?  a-^is  £P  v.ould  be!  Sfebve 
the  plane,  and  the  othet- half  below  it ;  and  tf 
straight  fines  wei'e  drawn  frtim  the  centre  tif 
the  planei  to  those  points  where'  the  circumlfer. 
ence  is  cut  by  the  houl-'Circles  of  the  sphef^, 
those  lines  would  be  the  hotir-lines  of  a  hori- 
zontal dial  for  London :  for  the  shadow  of  thd 
axis  would  fall  upon  6ach  particular  hotrr-Kne 
of  the  dial^  when  it  fell  upon  the  I3ce  hour- 
circle  of  the  sphere. 

If  the  [rfane  whkh  cuts  the  sphere  be  upright,  fi^.  ^. 
at  AFCGy  touching  the  given  place  (London) 
at  Fy  and  directly  facing  the  meridian  of  Lon- 
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4  gf  Dialing. 

user,  don,  it  will  then  become  the  plane  of  an  eroct 
^  direct  south  dial ;  and  if  right  lines  be  drawa 
from  its  centre  £,  to  those  points  of  its  circum^ 
ference  where  the  hour-circles  of  the  sphere  cut 
it,  these  will  be  the  hour-lines  of  a  vertical  or 
direct  south  dial  for  London,  to  which  the  hours 
are  to  be  set  as  in  the  figure  (contrary  to  those 
on  a  horizontal  dial),  and  the  lower  li^  Ep  of 
the  axis  will  cast  a  shadow  on  the  hour  of^  the 
day  in  this  dial,  at  the  same  time  that  it  would 
fall  upon  the  Uke  hour-circle  of  the  q>here,  if 
the  dial  plane  was  not  in  the  way. 

If  the  plane  (still  dicing  the  meridian)  be 

^mT  ^'^d^  ^o  incline,  or  recline,  by  any  given  num- 
ber of  degrees,  the  hour-circles  of  the  sphere 
will  still  cut  the  edge  of  the  plane  in  those 
points  to  which  the  hour-lines  must  be  drawn 
straight  from  the  centre ;  and  the  axis  of  the 
sphere  will  cast  a  shadow  on  these  lines  at  the 

'P^^^'v  respective  hours.  The  like  will  still  hold,  if  the 
plane  be  made  to  decline  by  any  given  number 
of  degrees  from  the  meri^an,  toward  the  east 
or  west :  provided  the  declination  be  less  than 
90  d^rees,  or  the  redination  be  less  than  the 
co-latitude  of  the  place :  and  the  axis  of  the 
sphere  will  be  a  gnomon,  or  stile,  for  the  dial« 
But  it  cannot  be  a  gnomon,  when  the  declina- 
tion is  quite  90  degrees,  nor  when  the  reclination 
is  equal  to  the  co-latitude ; '  because  in  these  two 
cases,  the  axis  has  no  elevation  above  the  plane 
of  the  dial* 

And  thus  it  appear^,  that  the  plane  of  every 
dial  represents  the  plane  of  some  great  circle 


'  If  the  latitude  be  subtracted  from  90  degrees,  the  re- 
mainder is  called  the  co4atitude,  or  complement  of  the  la« 
titude. 
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upon  die  earth;  and  the  gnomon  the  earth's  legt. 
a»8,  whether  it  be  a  small  wire,  as  in  the  above,    ^    , 
figures,  or  the  edee  of  a  thki  plate,  as  in  the 
common  horizontal  dials. 

The  whole  earth,  as  to  its  bulk,  is  but  a  point, 
if  compared  to  its  distance  from  the  sun ;  and 
therefore,  if  a  small  sphere  of  elass  be  placed 
upon  any  part  of  the  earth's  surface,  so  that  its 
axis  be  parallel  to  the  axis  of  the  earth,  and  the 
sphere  have  such  lines  upon  it,  and  such  planes 
within  it,  as  above  described,  it  will  shew  the 
hours  of  the  day  as  truly  as  if  it  were  placed  at 
the  earth's  centre,  and  the  shell  of  the  earth  were 
as  transparent  as  glass. 

But  because  it  is  impossible  to  have  a  hollow  Fig.  i»  3- 
sphere  of  glass  perfectly  true,  blown  round  a 
solid  plane :  or  it  it  was,  we  could  not  get  at  the 
plane  within  the  glass  to  set  it  in  any  given  po- 
sition ;  we  make  use  of  a  wire  sphere  to  explain 
the  principles  of  dialing,  by  joining  24  semi- 
circles together  at  the  poles,  and  putting  a  thin 
flat  plate  of  brass  within  it. 

A  common  globe,  of  12  inches  diameter,  hzsJDiaSi^hf 
generally  24  meridian  semicircles  drawn  upon^*^^ 
It.    If  such  a  globe  be  elevated  to  the  latitude  #ri«i /Mr. 
of  any  given  place,  and  turned  about  imtil  any 
one  of  these  meridians  cuts  the  horizon  in  the 
north  point,  where  the  hour  of  XII  is  supposed 
to  be  marked,  the  rest  of  the  meridians  will  cut 
the  horizon  at  the  respective  distances  of  all  the 
other  hours  from  XII.    Then,  if  these  points  of 
distance  be  marked  on  the  horizon,  and  the 
globe  be  taken  out  of  the  horizon,  and  a  flat 
board  or  plate  be  put  into  its  place,  even  with 
the  surface  of  the  horizon,  and  if  straight  lines 
be  drawn  from  the  centre  of  the  board  to  those 
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tPCT.  points  pf  distance  o(ijthe.hori:ppiv.  wjjfqh  were 
y^  ^  cut  Ey  tKiB.  24  mendivi^,^ipciirciest  tios^  lines 
yair  be  the  hoi^rnlmes  of  ^  hofi^^pt^  dial,  for 
that  latitude,  the  edge  of  nf^jjiose  gijiQfip'n.must 
]h»^,^a  thQ-yeryj^me/^tnaticm'tb^l^^^^  of 
^  ^Ipbe  yf^  .  hetQre  if.  va&  t^ei^  qux  qt !  the 
JfiQj^TK'^fh^t  1^,  t^e^QffiLoninu^t  make  ap  angle 
with  Hfhe^  plape  of.  the  dial,  equal  to.  the  latitude 
o£  .thp  pl^  ipr  which  the  dial,  is  padjp. , 

it  the'  poie.  of  ttie  gjobe  be  c;lisvat.ed  tp  the 
co-rlatltude  of.  the  |^ei^  plif  ^,.  aji4  any  ^pie^juiian 
be  brpifight  IQ  tfic;  i^orth  pqintbf  the  hprwon^ 
the  Test  of  thi^  wearifji^  s«ill  cut  the.  horizon,  jn, 
the  respective  distances  of  all  uhe.  hours,  ^om  JXII, 
for  ft  djir^t  south  d^aj^i^^jduise  gpmnw  most.  flpfJce 
an  anj^le  with  the. plane  of  th^  dial»'  ^qu^l  to  the 
coJatitud^e  of  the  place ;  and  tbje  hom.qtuat  be 
set  the  contrary  way  on'  thi&  dial*  to  what  they 
are'  on  the  horizontid, 

Bwt  if  your  globe  havie  ^ipore  tJk^iyi/enty^ 
four  tneicidi^n  semicircles  upon  it,,  you  must  take 
the  following  method  for  n^i^^iPig  boriipntad  and 
^oudh  dials  by  it. 
To  con-  ^y^*  Ae  wle  to  jjbe  latitude  of  your  place^ 
«itict  at  #^  and  tuim  the  gfo^e  until  any  particul^w: .  meridian 
jhT^  ^wpppse  the  first)  cop^ep  to  the  jporth  point  of 
t^  horizon^,  <vnd  the  ^mposite  me^djan  wiU  cut 
the  horb^qn  i)i  the  souuiw  Then,  set.  the  hour- 
inde]^  to  (hue  uppermost  XII  on  it^  circle  '^  which 
done^  tm^L  t|ie  globe  westward  until  j^een  de- 
grees of  the  equator  pass  li^wfer  the  brazen,  me- 
ridian, and  jti^n  the  hqur-ijidex  wiU  be  at  I  (for 
the  sun  ipoves  fifteen  degi;ees.  every  hour)  and 
th^  first  meridi^  wi^l.cut  the  horf^on  iii.  the 
number  of  degfees  frqm  the  north  point,  that  I 
is  distant  from.  XlL  Turn  on  until  other  IS 
degrees  of  tjic  ^-equator  pass  under  the  brazen 
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meridian^  and  the  hour-  index  will  theii  be  at  11,  lect. 
and  the  first  meridian  will  cut  the  horizon  in .  ^ 
the  number  of  degrees  that  II  is  distant  from 
XII :  and  $0,  by  making  15  degrees  of  the 
equator  pass  under  the  brazen  meridian  for  every 
Iiour,  the  first  meridian  of  the  globe  will  cut 
the  horis&on  in  the  distances  of  all  the  hours 
from  XII  to  VI,  which  is  just  90  degrees ;  and 
then  you  need  go  no  hntievy  for  the  distances 
of  XI,  X,  IX,  VIII,  VII,  and  VI,  in  the  fore- 
noon,  are  the  same  from  XII,  as  the  distances 
of  I,  II,  III,  IV,  V,  and  VI,  in  the  afternoon  } 
and  these  hour-lines  continued  through  the 
centre,  will  give  the  opposite  hour-lines  on  the 
other  half  of  the  dial :  but  no  more  of  these 
lines  need  be  drawn  than  what  answer  to  the 
sun's  continuance  above  the  horizon  of  your 
place  on  the  longest  day,  which  may  be  easily 
found  by  the  twenty-sixth  problem  of  the  £3re- 
going  lecture. 

T^us  to  make  a  horizontal  dial  for  the  lati- 
tude of  ^London,  which  is  514-  degrees  north, 
elevate  the  north  pole  of  the  globe  514-  degrees 
above  the  north  point  of  the  horizon,  and  then 
turn  the  globe,  untit  the  first  meridian  (which 
is  that  of  London  on  the  English  terrestrial 
globes)  cuts  the  north  point  of  the  horizon,  and 
set  the  hour-index  to  XII  at  noon. 

Then,  turning  the  globe  westward  until  the 
index  points  successively  to  I,  II,  III,  IV,  V, 
andyi,  in  the  afternoon  ;  pr  until  15  j  SO,  45, 
eo,  75,  and  90  degrees  of  the  equator  pass  un- 
der the  brazen  meridian,  you  will  find  that  the 
first  meridian  of  the  globe  cuts  the  horizon  in 
the  following  number  of  degrees  from  the  north 
toward  the  east,  viz.  1  If,  24-;,  38-jV»  53f ,  7 « -rff 
and  90  j  which  are  the  respective  distances  of 
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liSCT.  the  above  hours  from  XII  upon  the  plane  of  the 
^    .  horizon. 

To  transfer  these,  and  the  rest  of  the  hours, 
to  a  horizontal  phne,  draw  the  parallel  right 
Fig-  '•  lines  a  c  and  b  d  upon  that  plane,  as  far  from 
each  other  as  is  equal  to  the  intended  thickness 
of  the  gnomon  or  stile  of  the  dial,  and  the  space 
included  between  them  will  be  the  meridian 
or  twelve  o'clock  line  on  the  dial.  Cross  this 
meridian  at  right  angles  with  the  six  o'clock  line 
ghj  and  setting  one  foot  of  yoiir  compasses  in 
the  intersection  a,  as  a  centre,  describe  the 
qustdrant  g  e  with  any  convenient  radius  or 
c]>ening  of  the  compasses:  then,  setting  one 
toot  in  the  intersection  6,  as  a  centre,  with  the 
same  radius  describe  the  quadrant  f  h^  and  di* 
vide  each  quadrant  into  90  equal  parts  or  de- 
grees, as  in  the  figure. 

Qecause  the  hour-lines  are  less  distant  from 
«ach  other  about  noon,  than  in  any  other  part 
df  the  dial,  it  is  best  to  have  the  centres  of  these 
quadrants  at  a  little  distance  from  the  centre  of 
die  dial-plane,  on  the  side  opposite  to  XII,  in 
order  to  enlarge  the  hour-dist9nces  thereabout 
under  the  same  angles  on  the  plane.  Thus,  the 
centre  of  the  plane  is  at  C,  but  the  centres  of 
the  quadrants  at  a  and  b. 

Lay  a  ruler  over  the  point  b  (and  keeping  it 
there  for  the  centre  of  all  the  afternoon  hours  in 
the  quadrant  fh\  draw  the  hour-line  oi  I, 
through  11 J  degrees  in  the  quadrant ;  the  hoiir- 
line  of  II,  through  24^  d^ees ;  of  III,  through 
SS-j^  degrees ;  lUl,  through  53^;  and  V,  through 
I'l-Tf  •  smd  because  the  sun  rises  about  four  in 
^e  morning,  on  the  longest  days  at  London, 
continue  the  hour-lines  of  IIII  and  V,  in  the 
afternoon,  through  the  centre  b  to  the  opposite 
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side  of  the  dial. — ^This  done,  lay  the  ruler  to  the  lect. 
centre  a,  of  the  quadrant  e  g*,  and  through  the  *• 
like  divisions  or  degrees  of  that  quadrant,  viz. 
1 1|,  24^,  38^,  53i,  and  71-rr>  ^^^  *e  fore- 
noon  hour-lines  of  Xt,  X,  IX,  VIII,  and  VII ; 
and  because  the  sim  does  not  set  before  eight  in  the 
evening  on  the  longest  days,  continue  the  hour- 
lines  of  VII  and  VIII  in  the  forenoon,  through 
the  centre  a,  to  VII  and  VIII  in  the  afternoon  ; 
and  all  the  hour-lines  will  be  finished  on  this 
dial,  to  which  the  hours  may  be  set,  as  in  the 
figure. 

Lastly,  through  5 1 4-  degrees  of  either  quad- 
rant, and  from  its  centre,  draw  the  right  line  a  g 
for  the  hypothenuse  or  axis  of  the  gnomon  agi; 
and  from  gy  let  fall  the  perpendicular  g  i,  upon 
the  meridian  line  a  /,  and  there  will  be  a  triangle 
made,  whose  sides  are  agj  gi^  and  ia.  If  a 
plate,  similar  to  this  triangle,  be  made  as  thick 
as  the  distance  between  the  lines  a  c  and  b  dy  and 
set  upright  between  them,  touching  at  a  and  6, 
its  hypothenuse  a  g  will  be  parallel  to  the  axis 
of  the  world,  when  the  dial  is  truly  set ;  and 
will  cast  a  shadow  on  the  hour  of  the  day. 

iV.  B.  The  trouble  of  dividing  the  two  quad- 
rants may  be  saved,  if  you  have  a  scale  with  a 
line  of  chords  upon  it,  such  as  that  on  the  right 
hand  of  the  plate ;  for  if  you  extend  the  com- 
passes from  O  to  60  degrees  of  the.  line  of  chords, 
and  with  that  extent,  as  a  radius,  describe  the 
two  quadrants  upon  then*  respective  centres,  the 
above  distances  may  be  taken  ^th  the  com- 
passes upon  the  line,  and  set  off  upon  the  qua- 
drants. 

To  make  an  erect  direct  south  dial.    Elevate  to 
the  pole  to  the  cO'lafitude  of  your  place,  and  •truce  an 
proceed  in  all  respects  as  above  taught  for  the^|^^^ 
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LECT.  horizontal  dial,  from  VI  in  the  momiiig  to  VI  in 
the  afternoon,  only  the  hours  must  be  reversed, 
as  in  the  figure ;  and  the  hypothenuse  a  g^  of 
the  gnomon  a  gj\  must  make  an  an^le  vith  the 
Y\z.  %.  dial-plane,  equal  to  the  co-latitude  ot  the  place. 
As  the  sun  can  shine  no  longer  on  this  dial  than 
from  six  in  the  morning  till  six  in  the  evaiing, 
there  is  no  occasion  for  having  any  more  than 
twelve  hours  upon  it.  * 
To  con-  To  make  an  erect  dialy  declining  from  tlie  $ouih 
*r«/^l^*  lewarrf  the  east  or  west*  Elevate  the  pole  to  the 
fUiuMg  iud,  latitude  of  your  place,  and  screw  the  quadrant 
of  altitude  to  the  zeniths  Then,  if  your  diad  de- 
clines to^i^ard  the  east  (which  we  shall  suppose 
it  to  do  at  present)  count  on  the  horizon  the 
degrees  of  declination,  from  the  east  point  to- 
W2uti  the  north,  and  bring  the  lower  end  of  the 
quadrant  to  that  degree  of  declination  at  which 
the  reckoning  ends.  This  done,  bring  any  par- 
ticular meridian  of  your  globe  (as  suppose  the 
first  meridian)  directly  under  the  graduated  edge 
of  the  upper  part  of  the  brazen  meridian,  and 
set  the  hour-index  to  XII  at  noon.  Then,  keep- 
ing the  quadrant  of  altitude  at  the  degree  of 
declination  in  the  horizon,  turn  the  globe  east- 
ward on  its  axis,  and  observe  the  degrees  cut  by 
the  first  meridian  in  the  quadrant  of  altitude 
(counted  from  the  zenith)  as  the  hour-index 
comes  to  XI,  X,  IX,  &c.  in  the  forenoon,  or  as 
3  5,  SO,  45^  &c.  degrees  of  the  equator  pass  un- 
der the  brazen  meridian  at  these  hours  re- 
spectively ;   and  the  degrees  then  cut  in  the 


'  A  new  and  very  simple  geometrical  method  of  con- 
fttnicting  suQ-diaU  may  be  seen  in  our  author's  Mcchanidll 
Sxercisesy.  p.  94t-*£D. 
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qiiadrant  by  the  first  meridian,  are  the  respective  lect. 
distances  of  the  forenoon. boi^-s  from  XII  on  the .  ^ 
plane  of  the  dial — ^Then,  for  the  afternoon 
hours,  turn  the  quadrant  of  altitude  round  the 
zenith  until  it  comes  to  the  degree  in  the  ho- 
rizon opposite  to  that  where  it  was  placed  Ije- 
fore ;  namely,  as  far  from  the  west  point  of  the 
horizon  toward  the  souths  as  it  was  s^t  at  first 
from  the  east  pokit  toward  the  north ;  and  turn 
the  globe  westward  on  its  axis»  vuuil  the  fifst 
meridian  comes  to  the  brazen  meridian^  agai», 
^sA  the  hour-index  to  XU:  then,  continue  to 
turn  the  ebbe  westward,  and  as  the  index  points 
to  the  afternoon  hours  I,  II,  m,  &c.  or  as  15, 
30,  45,  &c.  degrees  of  the  equator  pass  imder 
the  brazen  meridian,  the  first  meridian  will  cut 
the  quadrant  of  altitude  in  the  respective  num- 
ber of  degrees  from  the  zienith,  that  each  of 
•these  hours  is  from  XII  on  the  dial. — And  note, 
that  when  the  first  meridian  goes  off  the  quad- 
rant at  the  hori^o^  in  the  forenoon,  the  hour* 
mdex  shews  the  ti^ie  when  the  sun  will  come 
vifon  this  diai :  and  when  it  goes  off  the  quad- 
rant in  the  afternoon,  the  index  will  point  to 
the  ime  when  the  sun  goes  off  the  dial. 

Haying  thus  found  all  the  hour-distances 
from  XII,  lay  them  down  upon  your  dial  plate, 
either  by  dividing  a  semicircle  mto  two  quad- 
Tdsxts  of  90  degrees  each  (beginning  at  the  hour- 
line  of  XII)  pr  by  the  line  of  chords,  as  above 
directed. 

xn  all  declining  dials,  the  line  on  which  the 
stile  or  gnomon  stands  (commonly  called  the 
substile  line)  makes  an  angle  with  the  twelve 
o'cl  ick  line,  and  falls  among  the  forenoon 
hour-lines,  if  the  dial  d.^clines  toward  the  east ; 
and   among    the   afternoon   hour-lines,  .when 
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LECT.   the  dial  declines  toward  the  west ;  that  is,  to 
^'_  .the  left  hand  from  the  twelve  o*clock  line  in 
the  former  case,  and  to  the  right  hand  from  it 
in  the  latter. 

To  find  the  distance  of  the  substile  from  the 
twelve  o'clock  line ;  if  your  dial  declines  from 
the  south  toward  the  east,  count  the  degrees  of 
that  declination  in  the  horizon  from  me  east 
point  toward  the  north,  and  bring  the  lower  end 
of  the  quadrant  of  altitude  to  that  degree  of 
declination  where  the  reckoning  ends  :  then 
turn  the  globe  until  the  first  meridian  cuts  the 
korizon  in  the  like  number  of  degrees,  counted 
from  the  south  point  toward  the  east ;  and  the 
quadrant  and  first  meridian  will  then  cross  one 
another  at  right  angles,  and  the  number  of 
degrees  of  the  quadnint,  which  are  intercepted 
between  the  first  meridian  and  the  zenith,  is 
equal  to  the  distance  of  the  substile  line  from 
the  twelve  o'clock  line ;  and  the  number  of  de- 
grees of  xbk  first  meridian,  which  are  intercepted 
between  the  quadrant  and  the  north  pole,  is 
equal  to  the  elevatibn  of  the  stile  above  the 
plane  of  the  dial. 

If  the  dial  declines  westward  from  the  south, 
count  that  declination  from  the  east  point  of  the 
horizon  toward  the  south,  and  bring  the  quad- 
rant of  altitude  to  the  degree  in  the  horizon  at 
which  the  reckoning  ends ;  both  for  findine  the 
forenoon  hours,  and  the  distance  of  the  substile 
from  the  meridian :  and  for  the  afternoon  hours, 
bring  the  quadrant  to  the  opposite  degree  in  the 
horizon,  namely^  as  far  from  the  west  toward 
the  north,  and  then  proceed  in  all  respects  as 
above. 

Thus,  we  have  finished  our  declining  dialj 
and  in  so  doing,  we  made  four  dials,  viz. 
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1,  A  north  dial,  declining  northward  by  the  lect. 
same  number  of  degrees.  2,  A  north  dial,  de-  ^ 
clining  the  same  nmnber  west.  3,  A  south  dial, 
decllnmg  east.  And,  4,  A  south  dial,  declining 
west.  Only,  placing  the  proper  number  of  hours, 
and  the  stile  or  gnomon  respectively,  upon  each 
plane.  For,  (as  above  mentioned)  in  the  south- 
west plane,  the  substile  line  falls  among  the  af- 
ternoon hours ;  and  in  the  south-east,  of  the 
same  declination  among  the  forenoon  hours,  at 
equal  distances  from  XII.  And  so,  all  the 
morning  hours  on  the  west  decliner  will  be  like 
the  afternoon  hours  on  the  east  decliner;  the 
south-east  decliner  will  produce  the  north-west 
decliner ;  and  the  south-west  decliner,  the  north- 
east decUner^  by  only  extending  the  hour-lines, 
stile  and  subtile^  quite  through  the  centre :  the 
axis  of  the  stile,  (or  edge  that  casts  the  shadow 
on  the  hour  of  the  day)  being  in  all  dials  what- 
ever parallel  to  the  axis  of  the  world,  and  con- 
sequently pointing  toward  the  north  pole'  of  the 
heaven  in  north  latitudes,  and  toward  the  south 
pole,  in  south  latitudes.  See  more  oftlds  in  the 
Jhllowing  lecture. 

But  because  every  one  who  would  like  to  An  easy  ^ 

make  a  dial,  may  perhaps  not  be  provided  with  ^Q,tr„cN  "^  i 

a  globe  to  assist  nim,  and  may  probably  not  im-  ini^  of  a 
derstand  the  method  of  dqine  it  by  logarithmic^''^ 
calculation ;  we  shall  shew  how  to  perform  it 
by  the  plain  dialing  lines,  or  scale  of  latitudes 
and  hours ;  such  as  those  on  the  right  hand  of 
Fig.  4,  in  Plate  XXI,  or  at  the  top  of  Hate 
XaII,  and  which  may  be  had  on  scales  com- 
monly sold  by  the  mathematical  instrument 
makers. 

This  is  the  easiest  of  all  mechanical  methods, 
and  by  much  the  best,  whcti  the  lines  are  truly 
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LECT.  divided  :  not  only  the  half  hours  and  qtiarters 
mav  be  laid  down  by  all  of  thetn,  but  every 
fiftn  minute  by  most,  and  every  single  minute 
by  those  where  the  line  of  hours  is  a  foot  in 
length. 
Kg.  3-  Having  drawn  your  double  meridian  Kne  a  by 

cdy  on  the  plane  intended  for  a  horizontal  Hial, 
and  crossed  it  at  right  angles  by  the  six  o'clock 
line  fe  (as  in  Fig.  l),  take  the  latitude  of  your 
place  with  the  compasses,  in  the  scale  of  lati- 
tudes, and  set  that  extent  from  c  to  e,  and  from 
a  to  J]  on  the  six  o'clock  line  :  then,  taking  the 
whole  six  hours  between  the  points  of  the  com- 
passes in  the  scale  of  hours,  with  that  extent  set 
one  foot  in  the  point  e,  and  let  the  other  foot 
iail  where  it  will  upon  the  meridian  line  c  dj  as 
at  d.  Do  the  same  from  f  to  b^  and  draw  the 
right  lines  e  d  zad/b^  each  of  which  will  be  equal 
in  length  to  the  whole  scale  of  hours.  This 
done,  setting  one  foot  of  the  compasses  in  the 
beginning  of  the  scale  at  XII,  and  extending  the 
other  to  each  hour  on  the  scale,  lay  off  these  ex- 
tents from  d  to  e  for  the  afternoon  hours,  and 
from  b  to  f  for  those  of  the  forenoon  :  this  will 
divide  the  lines  d  e  and  b  f  in  the  same  manner 
as  the  hour-s(tale  is  divided,  at  1 ,  2,  S,  4,  5,  and 
6,  on  which  the  quarters  may  also  be  laid  down, 
if  required.  Then,  laying  a  ruler  on*  the  point 
c,  draw  the  first  five  hours  in  the  afternoon,  nrom 
that  point,  through  the  dots  at  the  numeral 
figures  1 ,  2,  S,  4,  5,  on  the  line  d  e ;  and  con- 
tinue the  lines  of  HII  and  V  through  the  centre 
c  to  the  other  side  of  the  dial,  for  the  like  hours 
of  the  morning ;  which  done,  lay  the  ruler  on 
the  point  a,  and  draw  the  last  five  hours  in  the 
forenoon  through  the  dots  5,  4,  3,  2,  1,  on 
the  line  fb ;  continuing  the  hour-lines  of  Vll 
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and  VIII  through  the  centre  a  to  the  othfir  ^de    lect. 
of  the  dial,  for  the  like  hours  of  the  evening ;      ^' 
and  set  the  hours  to  their  respective  lines  ^b 
in  the  figure.     Lastly,  make  the  gnomon  the 
same  way  as  taught  above  for  the  horizontal 
dial,  and  the  whole  will  be  finished. 

To  make  an  erect  south  dial,  take  the  cq« 
latitude  of  your  place  from  the  scale  of  latitudes, 
and  then  proceed  in  all  respects  for  the  hour- 
lines,  as  in  the  horizontal  dial ;  only  reversing 
the  hours,  as  in  Fig.  2 ;  and  makmg  the  angle 
of  the  stile's  height  equal  to  the  co-latitude. 

I  have  drawn  out  a  set  of  dialing  lines  upon 
the  top  of  Plate  XXII  large  enough  for  making 
a  dial  of  nine  inches  diameter,  or  more  inches 
if  required  ;  and  have  drawn  them  tolerably  ez* 
act  for  common  practice,  to  every  quarter  of  an 
hour.  This  scale  may  be  cut  off  from  the  plate, 
and  pasted  upon  wood,  or  upon  the  inside  of 
one  of  the  boards  of  this  book  ;  and  then  it  will 
be  somewhat  more  exact  than  it  is  on  the 
plate,  for  being  rightly  divided  upon  the  copper- 
plate, and  printed  off  on  wet  paper,  it .  shrinks 
as  the  paper  dries ;  but  when  it  is  wetted  again; 
it  stretches  to  the  same  size  as  when  newly 
printed  ;  and  if  pasted  on  while  wet,  it  will  re* 
main  of  that  size  afterwards. 

But  lest  the  young  dialist  should  have  neither 
^obe  nor  wooden  scale,  and  should  tear  or 
otherwise  spoil  the  paper  one  in  pasting,  we  shall 
now  shew  him  how  he  may  make  a  dbl  with- 
out any  of  the^e  hdps.  Chiiy,  if  he  has  not  a 
line  ot  cbordsv  he  must  divide  a  quadrant  into 
90  equal  parts  or  degrees  for  taking  the  pny- 
per  angle  of  the  stile's  elevation,  which  is  easily 
done. 
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With  any  opening  of  the  compasses^  2sZLf 
describe  the  two  semicircles  L  Fk  and  LQkf 
upon  the  centres  Z  and  z,  where  the  six  o'clock 
'^'  ^  line  crosses  the  double  meridian  line,  and  divide 
nwriM<mt0i  ^^^  semicircle  into  12  equal  parts,  beginning  at 
^/.  L ;  though,  strictly  speaking,  only  the  quadrants 
from  L  to  the  six  o'clock  Ime  need  be  divided  ; 
then  connect  the  divisions  which  are  equidistant 
from  Zr,  by  the  parallel  lines  XM,  /AT,  HO^  GP^ 
and  FQ.  Draw  FZ  for  the  hypothenuse  of  the 
stile,  making  the  angle  F^Z  E  equal  to  the  lati- 
tude of  your  place ;  and  continue  the  line  FZ 
to  R.  Draw  the  line  Rr  parallel  to  the  six 
o'clock  line,  and  set  off  the  distance  a  k  from  Z 
to  F,  the  distance  b  I  from  Z  to  JT,  cH^  from  Z 
to  fFj  dG  from  Z  to  T,  and  eFfrom  Z  to  S. 
Then  draw  the  lines  Ss^  Tt^  Ww^  Xxy  and  Yy 
each  parallel  to  R  r.  Set  off  the  distance  tf  Y 
from  a  to  1 1,  and  from  J  to  1 :  the  distance  xX 
from  b  to  10,  and  from  ^  to  2 ;  tu  Wfrora  c  to  9, 
and  from  A  to  3  ;  tT  from  d  to  8,  and  from  i  to 
4 ;  ^«S  from  e  to  7^  and  from  n  to  5.  Then^ 
laying  a  ruler  to  the  centre  Z,  draw  the  fore- 
noon hour  lines  through  the  points  1 1,  10,  9,  8, 
7 ;  and  laying  it  to  the  centre  z,  draw  the  af« 
temoon  lines  through  the  points  1,  2,  3,  4,  5 ; 
continuing  the  forenoon  lines  of  VII  and  VIII 
through  the  centre  Z,  to  the  opposite  side  of  the 
dial,  for  the  like  afternoon  hours ;  and  the  after- 
noon lines  nn  and  V  through  the  centre  z,  to 
the  opposite  side,  for  the  uke  morning  hours. 
3et  the  hours  to  these  lines  as  in  thd  figure,  and 
then  erect  the  stile  or  gnomon,  aud  the  horizon- 
tal dial  will  be  finished. 
s^uihiud.  To  construct  a  south  dial,  draw  the  lines 
VZj  making  an  angle  with  the  meridian  ZL 
equal  to  the  co-latitude  of  your  place,  and  pro- 
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ceed  in  all  respects  as  in  the  above  horizontal  lect. 
dial  for  the  same  latitude,  reversing  the  hours      ^• 
as  in  Fig,  2,  and  making  the  elevation  of  the 
gnomon  eqiial  to  tlie  co-latitude. 

Perhaps  it  may  not  be  unacceptable  to  explain . 
the  methqd  of  constructing  the  dialing  lines,  and 
some  others,  which  is  as  follows. 

With  any  opening  of  the  compasses,  as  E  A^  Plati 
according  to  the  intended  length  of  the  scale,  ^^"* 
describe  the  circle  ADCB^  and  cross  it  at  right  Fig.  i. 
angles  by  the  diameters  CEA  and  DEB.    Di-f'^Y 

fj  ,4  gi$us  now 

vide  the  quadrant  AB  first  into  nine  equal  parts,  coqstruar 
and  then  each,  part  into  10 ;  so  shall  the  quad-^* 
rant  be  divided  into  90  eqi^  parts  or  degrees. 
Draw  the  right  Xme  AFB  ior  the  chord  of  this 
quadrant,  and  setting  one  foot  of  the  CQmpasse3 
in  the  point  Aj  extend  the  other  to  the  several 
divisions  of  the  quadrant,  and  transfer  these 
divisions  to  th^  line  AFB  by  the  arcs,  10  10, 
20  20,  &c.  and  this  will  be  a  line  of  chords 
divided  into  QO  unequal  parts  ;  which,  if  trans- 
ferred from  the  line  back  again-to  the  quadrant, 
will  divide  it  equally.  It  is  plain  by  the  figure, 
that  the  distance  from  ^  to  60  in  the  Ime  of 
chords,  is  just  equal  to  AE^  the  radius  of  the 
circle  from  which  that  line  is  made ;  for  if  the 
arc  60  60  be  continued,  of  which  A  is  the  centre, 
it  goes  eicactly  through  the  centre  E  of  the  arc 
AB. 

And  therefore,  in  laying  down  any  number 
of  degrees  on  a  circle,  by  the  line  of  chords,  you 
must  first  open  the  compasses,  so  as  to  take  in 
just  Go  degrees  upon  that  line,  as  from  ^  to  60 ; 
and  then,  with  that  extent,  as  a  radius,  describe 
a  circle  which  will  be  exactly  of  the  same  size 
with  that  from  which  the  line  was  divided : 

Fol  11.  B 
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LECT.  which  done,  set  one  foot  of  the  compasses  in  the 
^  beginning  of  the  chord  line,  as  at  j4j  and  extend 
the  other  to  the  number  of  degrees  you  want 
upon  the  line,  which  extent,  applied  to  the 
circle,  will  include  the  like  number  of  degrees 
upon  it,  * 

Divide  the  quadrant  CD  into  90  equal  parts, 
and  from  each  point  of  division  draw  right  lines 
as  f,  kf  /,  &c.  to  the  line  CE ;  all  perpendicular 
to  that  line,  and  parallel  to  I>£,  which  wil| 
divide  E  C  into  a  line  of  sines ;  and  although 
these  are  seldom  put  among  the  dialing  lines  on 
a  sdale,  yet  they  assist  in  dl^wing  the  line  of 
latitudes.  For,  if  a  fuler  be  laid  upon  the  point 
J5,  and  over  each'  division  in  the  line  of  sines, 
it  will  divide  the  quadrant  CB  into  90  unequal 
parts,  2iS  Ba,  abj  &c.  shewn  by  the  right  Imes 
10  a,  20  by  30  c,  &c.  drawn  along  the  edge  of 
the  ruler.  If  the  right  line  jB  C  be  drawn,  sub- 
tending this  quadrant,  and  the  nearest  distances 
Ba,  Bby  Ccj  &c.  be  taken  in  the  compasses 
from  By  and  set  upon  this  line  in  the  same  man- 
ner as  directed  for  the  line  of  chords,  it  will 
make  a  line  of  latitudes  B  C,  equal  in  length  to 
the  line  of  chords  ^By  and  of  an  equal  number 
of  divisions,  but  very  imequal  as  to  their  lengths. 
Draw  the  right  line  D  G^,  subtending  the 
quadrant  Dji;  and  parallel  to  it,  draw  the  right 
line  r  Sy  touching  the  quadrant  DA^t  the 
numeral  figiu'e  3.  Divide  this  quadrant  into 
six  equal  parts,  as  1,  2,  3,  &c.  and  through  these 
points  of  division  draw  right  lines  from  the 
centre  E  to  the  line  r  j,  which  will  divide  it  at 
the  points  where  the  six  hours  are  to  be  placed, 
as  in  the  figure.  If  every  sixth  part  of  the 
quadrant  be  subdivided  into  four  equal  parts, 
right  lines  drawn  from  the  centre  through  these 
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points  of  division,  and  continued  to  the  line  r  Sj   jlect. 
will  divide  each  hour  upon  it  into  quarters.  ^' 

In  Fig.  2,  we  have  the  representation  of  a 
portable  dial,  which  may  be  easily  drawn  on  a  ^^^  **,  * 
card,  and  carried  in  a  pocket-book.  The  lines  Fig*  «• 
adj  abj  and  b  c,  of  the  gnomon  must  be  cut 
quite  through  the  card  ;  and  as  the  end  a  &  of 
the  gnomon  is  raised  occasionally  above  the 
plane  of  the  dial,  it  turns  upon  the  uncut  line 
c  6{  as  on  a  hinge.  The  dotted  line  AB  must  be 
slit  quite  through  the  card,  and  the  thread  must 
be  put  through  the  slit,  and  have  a  knot  tied 
behind,  to  keep  it  from  being  easily  drawn  out. 
On  the  other  end  of  this  thread  is  a  small  plum- 
met D,  and  on  the  middle  of  it  a  small  bead  for 
shewing  the  time  of  the  day. 

To  rectify  this  dial,  set  the  thread  in  the  slit 
right  against  the  day  of  the  month,  and  stretch 
the  thread  from  the  day  of  the  month  over  the 
angular  point  where  the  curve  lines  meet  at 
XII ;  then  shift  the  bead  to  that  point  on  the 
thread,  and  the  dial  will  be  rectified. 

To  find  the  hour  of  the  day,  raise  the  gnomon 
(no  matter  how  much  or  how  little)  and  hold 
the  edge  of  the  dial  next  the  gnomon  toward 
the  sun,  so  as  the  uppermost  edge  of  the  shadow 
of  the  gnomon  may  just  cover  the  shadow  line ; 
and  the  bead  then  playing  freely  on  the  face  of 
the  dial,  by  the  weight  of  the  plummet,  will 
^ew  the  time  of  the  day  among  the  hour-lines, 
as     is  forenoon  or  afternoon. 

To  find  the  time  of  sun  rising  and  setting, 
move  the  thread  among  the  hour-lines,  until  it 
either  covers  some  one  of  them,  or  lies  parallel 
betwixt  any  two  ;  and  then  it  will  cut  the  time 
of  sun-rising  among  the  forenoon  hours,  and  of 
sun-setting  among  the  afternoon  hours,  on  that 

B2 


ft)  Oj  Dialing. 

xiCT.  day  of  the  year  for  which  the  thread  is  set  in  the 
^*     scsile  of  months. 

To  find  the  sun's  declination,  stretch  the 
thread  from  the  day  of  the  month  over  the 
angular  point  at  XII,  and  it  will  cut  the  sun^ 
declination,  as  it  is  north  or  south,  for  that  day, 
in  the  arched  scale  of  north  and  south  declina- 
tion. 

.  To  find  on  what  day  the  sun  enters  the 
signs :  when  the  bead,  as  above  rectified,  moves 
along  any  of  the  curve  lines  which  have  the 
signs  of  the  zodiac  marked  upon  them,  the  sun 
enters  those  signs  on  the  days  pointed  out  by 
the  thread  in  the  scale  of  months. 

The  construction  of  this  dial  is  very  easy, 
especially  if  the  reader  compares  it  all  along 
with  Fig.  3,  as  he  reads  the  following  explana- 
tion of  that  figiu'e. 
tig.  3.  Draw  the  occult  line  ^B  parallel  to  the  top 

of  the  card,  and  cross  it  at  right  angles  with  the 
six  o'clock  line  EC D;  then  upon  C,  as  a  centre, 
with  the  radius  CAj  describe  the  semicircle 
AELj  and  divide  it  into  12  equal  parts  (be- 
ginning at  -^),  zs  Ary  rsy  &c.  and  from  these 
points  of  division,  draw  the  hour-lines  r,  ^,  ty  «, 
Vj  Ey  Wy  and  Xy  all  parallel  to  the  six  o'clock  line 
EC.  if  each  part  of  the  semicircle  be  divided 
into  four  equal  parts,  they  will  give  the  half- 
hour  lines  and  quarters,  as  in  Fig.  2.  Draw  the 
Tight  line  ASDoy  making  the  angle  SAB  equal 
to  the  latitude  of  your  place.  Upon  the  centre  A 
describe  the  arch  RSTy  and  set  off  upon  it  the 
arcs  S  R  and  S  T,  each  equal  to  23^  degrees,  for 
the  sun's  greatest  declination  ;  and  divide  them 
tnto  234-  equal  parts,  as  in  Fig.  2.  Through  the 
intersection  jD  of  the  lines  ECD  and  A  Do 
draw  the  right  line  FD  G  at  right  angles  to 
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jiLo.  Lay  a  ruler  to  the  points  ^  and  i?,  and  ubct. 
draw  the  line  ARF  through  2S4-  degrees  of^  ^ 
south  declination  in  the  arc  SR;  and  then  lay* 
ing  the  ruler  to  the  points  A  and  T,  draw  the 
line  ATG  through  23-j-  degrees  of  north  decli- 
nation in  the  arc  S  7:  so  shall  the  lines  ARF 
and  ATG  cut  the  line  i^DG  in  the  proper 
length  for  the  scale  of  months.  Upon  the  centre 
D,  with  the  radius  D  Fy  describe  the  semicircle 
Fo  G ;  and  divide  it  into  six  equal  parts,  Fm, 
mtiy  nOj  &c.  and  from  these  points  of  division 
draw  the  right  lines  mhj  n  i,  p  k,  and  q  /,  each 
parallel  to  o  D.  Then  setting  one  foot  of  the 
qompasses  in  the  point  Fj  extend  the  other  to  Ay 
and  describe  the  2orc  AzH for  the  tropic  of  vj  : 
with  the  same  extent,  setting  one  foot  in  G,  de- 
scribe the  zrc  AEO  for  the  tropic  of  25  •  Next 
setting  one  foot  in  the  point  A,  and  extending 
the  other  to  Aj  describe  the  arc  .rf  C  /  for  the 
beginnings  of  the  signs  aw  and  ^  ;  and  with  the 
same  extent,  setting  one  foot  in  the  point  /,  de- 
cribe  the  2xc  AN  for  the  beginnings  of  the 
signs  XE  and  £i.  Set  one  foot  in  the  point  i,  and 
having  extended  the  other  to  A^  describe  the 
arc  AKioY  the  beginnings  of  the  signs  X  and  ta  ; 
and  with  the  same  extent,  set  one  foot  ia  A,  and 
describe  the  arc  A  M  for  the  beginnings  of  the 
signs  X  and^..  Then,  setting  one  foot  in  the 
point  Dy  aj^  extending  the  other  to  Ay  describe 
tbe.curverJ^i'for  the  beginningspf .  V  and  A  9  . 
and  the  s^s  will  be  finish<^.  This  done,  lay  . 
a  ruler  from  the  point  A  over  the  sun's  declina- 
tion ih  the  arch  RST  (found  by  the  following 
taMf^  for  every  fifth  day  of  the  year  ana 
irfiere  the  niler  cuts  th^  line  FDGy  make^narks  ( 
aiiy^/y'place  the  days  of  the  mon^  rig^against 
time  markS)  in  the  manner  sheWiil^  Fig.  2. 

B  3 
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LECT.   Lastly,  draw  the  shadow  line  P  Q  parallel  to  the 
^*      occult  line  jiB ;  make  the  gnomon,  and  set 
the  hours  to  their  respective  lines,  as  in  Fig.  3, 
and  the  dial  will  be  finished. 
Fig.  4.  There  are  several  kinds  of  dials,  which  are 

called  universaly  because  they  serve  for  all  lati- 
tudes.    Of  these,  the  best  one  that  I  know  is 
Mr.  Pardie's,  which  consists  of  three  principal 
parts  :  the  first  whereof  is  called  the  horizontal 
An  mrnvtrt- plane  (A)  because  in  the  practice  it  must  be 
*'^''      parallel  to  the  horizon.     In  this  plane  is  fixed 
an  upright  pin,  which  enters  into  the  edge  of 
the  second  part  BD,  called  the  meridional  plane  ; 
which  is  made  of  two  pieces,  the  lowest  whereof 
(^)  is  called  the  quadrant,  because  it  contains  a 
quarter  of  a  circle,  divided  into  90  degrees  ; .  and 
It  is  only  into  this  part,  near  J?,  that  the  pin 
enters.     The  other  piece  is  a  semicircle  (D) 
adjusted  to  the  quadrant,  and  turning  in  it  by 
a  groove,  for  raising  or  depressing  the  diameter 
(-S  F)  of  the  semicircle,  which  diameter  is  called 
the  aons  of  the  instrument.     The  third  piece  is 
a  circle  (G)  divided  on  both  sides  into  24  equal 
parts,  which  are  the  hours.     This  circle  is  put 
upoh  the  meridional  plane  so,  that  the  axis  (EFy 
may  be  '|)erpendicular  to  the  circle ;   and  the 
^     pbint  C  be  the  common  centre  of  the  circle, 
setniciitle,  and  quadrant.     The  straight  edge 
of  the  semicircle  is  chamfered  on  both  sides ,  to 
a  $harp  edge,  which  passes  through  the  centre 
of  the  circle.     On  one  side  of  the  chamfered 
part,'  the  first  six  months  of  the  year  are  laid 
down,  according  to  the  sim*s  decBnation  for 
tlfeir  respective  days;  and  on  the  other  side  the  * 
last  six  months.     And  against  the   dafys   on 
whicli  the  ^un  enters  the.sigr^s,  there  are  straight : 
liiies^ « dl'awh    upon    the   aen^cutle^   with    me 
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characters  of  the  signs  marked  upon  them.  lect. 
There  is  a  black  line  dbiwn  along  the  middle  of  ^* 
the  upright  edge  of  the  qu^rant,  oyer  which 
hanes  a  thread  (^H)  with  its  plummit  (/)  for 
levelling  the  instrument.  iV.  B.  From  the  22** 
of  September  to  the  20***  of  March,  the  upper 
surface  of  the  circle  must  touch  both  the  centre 
Coi  the  semidrcie^  and  the  line  of  T  and  A  ; 
and  from  the  20^**  of  March  to  the  22^  of  Sep- 
tember,  th,e  lower  surface  of  the  circle  must 
touch  that  centre  and  line.. 

To  find  the  time  of  the  day  by  this  diaL 
baying  set  it  on  a  level  place  in  sun-shine,  and 
adjusted  it  Sy  the  levelling  screws  k  and  /,  until 
the  plumb  Ime  han^  over  the  back  line  upon 
the^edge  of  the  qua(j(rant,  and  parallel  ta  the 
said  edge ;  move  the  semicircle  in  the  quadrant 
imtil  tne  line  of  V  and  £s  (where  the  circle 
touches)  comes  to  the  Isititude  of  your  place 
in  the  quadrant : .  then,  turn  the  whole  meri* 
dional.  plane  -BD,  with  its  circle  G,  upon  the 
horizontal  plane  jiy  until  the  edge  of  the  shadow 
of  the  circle  falls  precisely  on  the  day  of  the 
'  month  in  the  semicircle  ;  and  then,  the  me* 
ridional  plane  will  be  du^  north  and  south,  the 
axis  E  F  will  be  parallel  to  the  axis  of  the  world, 
and  will  cast  a  shadow  upon  the  true  dme  of 
the  day,  among  the  hours  on  the  circle. 

JV.  JS.  As,  when  the  instrument  is  thus  recti- 
fied, the  quadrant  and  semicirck  are  in  the  plane 
of  the  meridian,  so  the  circle  is  then  in  the  plan^ 
of  the  equinoctial :  thereforet  as  the  sun  is 
al)ove  the  equinoctial  in  summer  (in  northern 
latitudes)  and  below  it  in  winter ;  the  axis  of 
the  sepiicircle  will  cast  a  shadow  on  the  hour 
of  the  day,  on  the  upper  surface  of  :the  circle, 
from  the  20'**  of  March  to  the  22^  of  September  j 
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LECT.   and  from  the  22""  of  September  to  the  20'^  of 
.    ^     March,  the  hour  of  the  day  will  be  determined 

'  ^^"""^  by  the  shadow  of  the  semicircle,  upon  the  lower 
surface  of  the  circle.  In  the  former  case,  the 
shadow  of  the  circle  falls  upon  the  day  of  the 
month,  on  the  lower  part  of  the  diameter  of  the 
semicircle  j  and  in  the  latter  case  on  the  upper 
part. 

The  method  of  laying  down  the  months  and 
signs  upon  the  semicircle,  is  as  follows.  Draw 
the  right,  line  ACB^  equal  to  the  diameter  of 

fig.  J.  the  semicircle  ADB^  and  cross  it  iii  the  middle 
at  right  angles  with  the  line  ECDj  equal  in 
length  to  AD  B;  then  £  Cwill  b^  the  radius 
of  the  circle  FCGj  which  is  the  same  as  that 
of  the  semicircle.  Upon  £  as  a  centre,  describe 
the  drde  FCG^  on  which  set  oflF  the  arcs*  Ck 
and  Ct,  each  equal  to  284-  degrees,  and  divide 
them  accordingly  into  that  number  for  the  sun's 
declination.  Then,  laying  the  edge  of  a  ruler 
over  the  centre  £,  ana  also  over  the  sun's  de- 
clination for  every  fifth  day  ^  of  each  month  (as 
in  the  card-dial),  mark  the  points  on  the  dia- 
meter AM  of  the  semicircle  from  a  to  g,  which 
are  cut  by  the  ruler ;  and  there  place  the  days 
of  the  months  accordingly,  answerinj?  the  sun's 
declination.  This  done,  setting  one  foot  of  the 
compasses  in  C,  and  extending  the  other  to  a 
or  gy  describe  the  semicircle  abed efg ;  which 
divide  into  six  equal  parts,  and  through  the 
points  of  division  draw  right  lines,  parallel  to 
CDj  for  the  beginning  of  the  signs  (of  which 
one  half  are  on  one  side  of  the  semicircle^  and 


'  The  intermediate  days  may  be  drawn  in  by  hand,  if 
the  ipicct  be  large  enougn  to  contain  them. 
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the  other  half  on  the  other  side),  and  set  the   lect. 
characters  of  the  signs  to  their  proper  lines,  as ,     ^  ^ 
in  the  figure. 

The  following  table  shews  the  sun's  place  and  Tables  oe 
declination,  in  degrees  and  minutes,  at  the  noon  *^J^ 
of  every  day  of  the  second  year  after  leap  y«ar ;  deciinaaon. 
which  is  a  mean  between  those  of  leap  year  it« 
aelf,  and  the  first  and  third  years  after  it.     It  is 
useful  for  inscribing  the  months  and  their  days 
on  sun-dials  ;  and  also  for  finding  the  latitudes 
of  places,  according  to  the  methods  prescribed 
after  the  table.  ^ 


^  In  this  edition,  the  t^le  of  the  stin's  longitude  and 
declination  has  been  calculated  anew,  and  adapted  to  the 
present  improved  state  of  the  solar  tables.  The  editor 
Eas  also  added  an  accurate  table  of  the  equation  of  time, 
'whichy  he  trusts,  will  be  of  great  use  to  the  practical  dialist. 
The  signs  •(•  and—*,  addend  tulnract^  at  tne  head  of  the 
column,  denote  that  the  equation  of  time  must  be  added 
to,  or  subtracted  from,  the  apparent  time,  or  that  which 
is  deduced  firmn-  the  motion  of  the  sun,  in  order  to  obtain 
the  equated  or  true  time,  as  shewn  by  a  well-regulated 
clock  or  watch.  The  table  is  calculated  for  the  Kcond 
after  leap  year,  and  is  as  accurate  as  the  difference  between 
the  civil  and  solar  year  will  permit.— Ed. 
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4 
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13 

49 
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Table  of  the 

Equal 

Ejon  of 

?««»« 

• 

1 

Days. 

May. 

June. 

July. 

August. 

M. 

.8. 

M. 

.?. 

M. 

s. 

M. 

s. 

1 

3- 

-  2 

2- 

-42 

3+13 

5+57 

S 

3 

IP 

2 

34 

3 

25 

5 

54 

3 

3 

17 

2 

?4 

3 

36 

5 

50 

4 

3 

23 

2 

14 

3 

48 

5 

46 

5 

3 

29 

2 

4 

3 

58 

5 

40 

6 

3 

35 

54 

4 

9 

5 

85 

7 

3 

40 

43 

4 

19 

5 

28 

8 

3 

44 

32 

4 

29 

5 

21 

9 

3 

48 

2\ 

4 

38 

5 

14 

10 

3 

51 

W 

4 

47 

5 

5 

11 

3 

£4 

0 

58 

4 

5& 

4 

57 

12 

3 

56 

0 

46 

5 

4 

4 

47 

IS 

3 

57 

0 

34 

5 

11 

4 

37 

14 

3 

58 

0 

22 

5 

18 

4 

27 

15 

3 

59 

0 

9 

5 

25 

4 

16 

16 

3 

59 

0+  3 

5 

31 

4 

4 

17 

3 

58 

0 

16 

5 

37 

3 

52 

18 

3 

57 

0 

28 

5 

42 

3 

39 

19 

3 

55 

P 

4) 

5 

47 

3 

26 

20 

3 

53 

P 

54 

5 

51 

3 

13 

21 

3 

50 

1 

7 

5 

54 

2 

59 

22 

3 

46 

1 

20 

5 

57 

2 

45 

2S 

3 

42 

1 

33 

6 

0 

2 

SO 

24 

3 

3» 

1 

46 

6 

2 

2 

14 

25 

3 

33 

J 

59 

6 

3 

1 

59 

26 

3 

27 

2 

U 

6 

4 

> 
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f3 

27 

3 

21 

2 

24 

.6 

5 

1 

26 

28 

3 

14 

2 

37 

is 

4 

1 

9 

29 

3 

7 

2 

49 
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0 

52 

SO 

3 

59 

3 

1 

6 
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0 

^ 

31 

2 

51 

• 

6 

6 

0 
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Tabic  of  the  Equation  of  Time 

I" 

Sep 

em. 

October. 

Novem. 

Decern. 

M.      s. 

M.      6. 

M. 

s. 

M.      s. 

I 

0- 

-   2 

10- 

-10 

16- 

-13 

10-49 

e 

0 

20 

10 

29 

16 

14 

10     27 
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0 

39 

10 

47 

16 

14 

10       3 

4 

0 

58 

11 

6 

16 

14 

9     39 

5 

I 

18 

11 

24 

16 

13 

9     15 

e 

1 

37 

11 

42 

16 

11 

8     50 

■7 

1 

57 

11 

59 

16 

8 

8     24 

8 

2 

18 

12 
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16 

4 

7     58 

9 

2 

38 

12 

32 

le 

0 

7     31 

10 

2 

58 

12 

48 

15 

54 

7        4 

11 

3 

19 

13 

4 

15 

48 

6     37 

12 

3 

40 

13 

19 

15 

41 

6        9 

13 

4 

1 

13 

84 

15 

S3 

5     41 

14 

4 

22 

13 

48 

15 

25 

5      13 

15 

4 

43 

14 

2 

15 

15 

4     44 

16 

5 

4 

14 

15 

15 

5 

4     15 

17 

5 

25 

14 

27 

14 

53 

3     45 

18 

S 

46 

14 

39 

14 

41 

3      16 

19 

6 

7 

14 

50 

14 

28 

2     46 

20 

6 

28 

15 

1 

14 

14 

2     16 

21 

6 

*9 

15 

11 

13 

59 

1      46 

22 

7 

10 

15 

20 

13 

44 

1      16 

23 

7 

30 

15 

28 

13 

27 

0     45 

24 

7 

51 

15 

36 

13 

10 

0     15 

2J 

8 

11 

15 

43 

12 

52 

0+15 

26 

8 

32 

15 

SO 

12 

33 

0     45 

27 

8 

52 

15 

55 

13 

14 

1      15 

28 

9 

12 

16 

0 

It 

54 

1      45 

29 

9 

31 

16 

5 

11 

33 

2     14 

30 

9 

51 

16 

a 

11 

12 

2     43 

31 

16 

n 

3     13 

35 


ExplancLtio^ .  of  the  Table  of  the  Equation  oj 

Time. 
V 

As  our  author  has  already  ^iven  a  familiar  exj^na- 
tion  of  the  equation  of  time,  it  may  be  sufficient  to  ob- 
serve, that  the  preceding  table  contains  the  difierence 
between  tme  and  apparent  time,  for  every  day  of  (he 
year  at  12  o'clock  noon,  when  the  sun  is  in  the  meridian ; 
and  is  adapted  to  die  second  year  afier  leap  year.  If 
apparent,  or  solar,  time  is  to  be  converted  into  true  time, 
as  shewn  by  a  wcll-r^ulated  clock  or  watch,  the  equa- 
tion of  time  must  be  added  to  the  apparent  time,  if  it  has 
the  s^n  -I-,  and  subtracted  from  it  if  it  has  the  sign  — : 
but  if  true  is  to  be  converted  into  apparent  time,  the 
equation  must  be  applied  with  contrary  signs.  If  tho 
equation  is  required  for  any  intermediate  hour,  take 
the  difference  during  a  day,  and  say,  as  S4  hours  is  to 
this  difference,  so  is  the  number  of  hours  which  the  in- 
termediate hour  is  from  the  preceding  noon,  to  a  third 
proportional,  which,  added  to,  or  subtracted  from,  the 
equation  of  time  at  noon,  according  as  it  is  increasing 
or  decreasing,  will  give  the  equation  of  time  for  the 
jgiven  hour.  If  the  equation  of  time  is  wanted,  at  a 
time  when  the  signs  change  from  +  to  — ,  or  finom  — 
to  -(-,  the  difference  for  24  hours  will  be  found  by 
adding  the  equations  of  time  for  the  noon  preceding 
and  rollowing  the  given  hour.  Thus,  if  the  equation 
of  time  is  required  for  the  24'**  December  at  12  o'clock 
midnight,  the  equation  for  the  24'*»  at  noon  is  —  13", 
and  for  the  25'**  at  noon  +  15",  the  difference  of  which 
is  +  30".  Then,  as  24»» :  +  Sa'  =  12«> :  +  15,  which, 
subtracted  from  15  seconds,  because  the  numbers  arc 
decreasing,  the  equation  for  the  24'^  noon,  leaves  0,^ 
so  that  the  hour,  as  shewn  by  the  sun  and  clock,  is  the 
same  on  the  24'^  December  at  midnight.  The  equation 
thus  found  will  be  accurate  for  every  second  year  after 
leap  year,  and  in  other  years  will  vary  only  a  few  se- 
conds from  the  truth.  In  order,  however,  to  determine 
the  equation  of  time,  with  accuracy  for  any  other  year^ 
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find  the  difference  between  the  equation  of  time  for  the 
given  (lay,  and  tbat  which  precedes  ii :  then, 

1 .  For  leap  ycar^  take  one  half  of  this  difierencc, 
and  add  it  to  tiie  equation  for  the  given  time  if  it  in- 
creases, but  subtract  it  if  it  decreases. 

2.  For  the  first  after  leap  year^  take  one  fourth  of 
the  dilterencc,  and  add  it  to  tlie  equation  for  the  given 
time  if  it  increases,  but  ^btract  it  if  it  deprease^. 

3.  Far  the  third  after  leap  j/coTy  tal^  one  fourth  of 
the  diiference,  and  subtract  it  from  the  eq|iuition  finr  t^ 
given  time,  if  it  increases,  but  add  it  if  it  decieeieB. 
Thus,  to  find  the  equation  of  time  Ibr  the  S4  ^zy  1805, 
being  the  first  after  kap  year,  the  equation  in  the  table 
is  S  Itr,  the  daily  diflerence  is  8^,  and  the  equation 
increases.  Add,  Iheiefbre,  2^,  which  is  one  fourth  of 
the  daUy  di&rence,  to  S'  KT,  and  the  sum  :i^  12^,  will 
be  the  true  equation  of  time  £Dff  the  S'  May  1805. — 


HkisJbi'JiruUhgtheLdtihi^.  3^ 
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TO  FIND  THE  LATITUDE  OF  ANY  PLACE  BY  OI>SER- 

VATION. 

The  latitude  of  any  place  is  equal  to  the  ele-  lect. 
vation  of  the  pole  above  the  horizon  df  that  ^ 
place.  Therefore  it  is  plain,  that  if  a  star  was 
fixed  in  the  pole,'  there  woiild  be  nothing  re- 
quired to  find  the  latitude,  but  to  take  the  alti- 
tude of  that  stit  with  a  godd  instfuriient.  But 
although  there  is  no  star  in  the  pole,  yet  the  la- 
titude nBiy  ht  foutld  by  tiakiilg  lite  gi-ektfeSt  and 
least  ^tihide  bf  atiy  star  that  neVer  ^dts :  for  if 
half  the  differeHce  betWe^h  thi^te  at^tudefe  bfe  add- 
ed to  the  Ifeafet  dltittide,  or  sUbti^ctfed  from  the 
greatest,  th^  Sdm  or  l-eihaind^  Vnll  be  fetjual  tb 
the  altitude  of  the  pole  at  the  placd  of  obSfervatioh.^ 

But  t)ecause  the  length  bf  th^  night  must  be 
more  than  12  hoiu^,  in  order  to  have  two  such 
observations ;  the  sun's  hierlciian  altitude  and  de- 
clination are  generally  made  use  of  for  finding 
the  latitude^  by  meails  of  its  cotnpkment^  which 
is  equal  to  the  elevation  of  the  equinoctial  above 
the  hoi;izon ;  and  if  this  complement  be  sub- 
tracted irom  90  degrees,  the  remainder  will  be 
the  latitude,  concerning  which,  I  think,  the  fol- 
lowing rules  take  in  all  the  various  cases. 

U  If  tlu^  sun  has  north  declination,  and  is  on 
the  meridian,  atad  to  the  south  of  yotir  placef, 
subtract  the\  declination  from  the  meridian  alti- 
tude (taken  bj  a  good  quadrant)  and  the  temain- 

'  If  die  idtitiide  oF  thi:  pble  ^r  be  taki^n  sit  hours  be 
fditf  w  afteri  it  coin^s  to  thfc  flieridito,  or  diri^es  at  itl 
point  of  griiitt«t  BhA  least  aldttide,  th^  Utittid6  of  t)i6 
pbee  will  thai  \>t  accuftddy  bbttihi6d  bf  didy  onl:  oU^tirA^ 
tion.— Ed. 
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38  Rules. for  finding  the  Latitude* 

LECT.   der  will  be  the  hdght  of  the  equinoctial  or  com- 
^       plement  of  the  latitude  north. 

EXAMPLE. 

Q  r The  sun's  meridian  altitude  4S^  S(X  south. 

2)uppo6e  j  ^^j  jjjg  declination,  subtract  10     15  nortli . 

Remains  the  complement  of  the  latitude,  32    5 
Which  subtract  from  —  90    0 

And  the  remainder  is  the  latitude  57  55  north. ' 

2.  If  the  sun  has  south  declination,  and  is 
southward  of  your  place  at  noon,  add  the  decli- 
nation to  the  meridian  altitude ;  the  sum,  if  less 
than  90  degrees,  is  the  complement  of  the  lati- 
tude north :  but  if  the  sum  exceeds  90  degrees, 
the  latitude  is  south  ;  and  if  90  be  taken  from 
that  sum,  the  remaifidec  will  be  the  latitude. 

EXAMPLES. 

The  sun's  meridian  altitude    65^  lij  south 
The  sun's  declination,  add     15    30  south 

Complement  of  the  latitude    80    40 
Subtract  from  —  90      0 

Remains  the  latitude  9    20  north 

The  sun's  meridian  altitude    80^  40^  south 
The  sun's  declination,  add     20    10  south 

The  sum  is        —        —     100    50 
From  which  subtract  90      0 

Ronains  the  latitude      —     10    50  so 


*  The  8un*8  meridian  altitude,  as  taken  by  a  quadrant, 
or  any  other  instrument,  must  be  corrected  by  the  applil 
cation  of  prallax  and  refraction.  As  the  sun  is  elevated 
by  refraction  and  depressed  by  parallax,  hit  apparent  me- 
ridian  altitude  must  be  diminished  by  the  difference  between 
the  refraction  and  paraUax.-^£». 
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3.  If  the  sun  has  north  declination^  and  is  on  lbct. 
tlie  meridian  north  of  your  place,  add  the  decli- 
nation to  the  nordi  meridian  altitude ;  the  sum, 
if  less  than  90  degrees,  is  the  complement  of  the 
latitude  south ;  but  if  the  sum  is  more  than  90 
degrees,  subtract  90  from  it,  and  the  remainder 
is  the  latitude  north. 

£XAM?L£S. 

Sun's  meridisin  altitude  60^  30^  north 

Sun's  declination,  add  SO    10  noith 


Complement  of  the  latituile         80    40 
Subtract  from  —  90      0 


Reiuaiiis  tbe  latitude  9    20  south 


Sun's  meridian  altitude  .         70^  20'  north 

Son's  d^Unation,  add  23    20  north 

The  sum  is               ^  93    40 

From  which  subtract  —        90      0 


Remains  the  latitude        —  3    40  north 

4.  If  the  Sim  has  south  declination,  and  is  north 
of  your  place  at  noon,  subtract  the  declination 
from  the  north  meridian  altitude,  and  the  re- 
mainder is  the  complement  of  the  latitude  soitflu 

£XAMPL£» 

Sun's  meridian  altitude  52*  30"  north 

Sun's  declination,  subtiBct  SO    10  south 


Complenieht  of  the  latitude         32    20 
Subtract  from  —  90      0 


And  the  mnaiader  is  the  latitude  57    40  lou^h 


V 


40  R^ei  for  Ending  the  Latitmde^ 

.  S.  If  the  sun  has  no  decUnatiori^  and  is  south 
of  your  place  at  libbn,  the  meridian  altitude  is 
the  complement  of  the  latitude  north  :  bill  if  the 
sun  be  then  north  of  your  place,  his  meridian 
stldtude  is  the  compleintot  of  the  latitude  south. 

EXAMPLES. 

Sun's  meridian  altitude  38°  SCX  south 

Subtract  from  —  90      0 


Remains  the  latitude        —         51    30  noith 


Sun's  meridiaii  altitude  S8<>  30^  north 

Subtract  from  —  90      0 


Remains  the  latitude        —         51    30  south 

6.  If  you  observe  the  sun  beneath  the  pole^ 
subtract  nis  declination  from  90  degrees,  and  add 


latitude. 

EXAMPLI 

7   — 
I. 

M«***4 

Sun's  declination 
Subtract  from 

IT  the  pole 

20«  Xf 
90      0 

Rmdins 

Sun's  altitude  belon 

(59 
10 

30\ 

20  *• 

aH(i 

The  sum  is  the  latitude  79    50 

Whidi  fe  iiordi  or  souths  atcordisj^  as  the 
sun's  declinatidh  is  north  or  south :  tor  when 
the  sun  has  south  declination,  he  is  never  seen 
below  the  north  pole ;  nor  is  he  ever  seen  below 
the  south  pole,  whm  his  dedinatioii  is  nordi. 
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7*  If  the  sun  be  in  the  zeqith  at  noon,  and  at   lect. 
the  same  time  has  no  declination,  you  are  then      ^ 
under  the  equinoctial,  and  so  have  no  latitude. 

If  the  sun  be  in  die  zenith  at  nodn,  and  has 
declination,  the  declination  is  equal  to  the  lati- 
tude, north  or  south.  These  two  cases  are  so 
plain,  that  they  require  no  examples.^ 


'  The  latitude  of  a  place  may  Be  found  with  equal  fa- 
cility and  accuracy,  by  taking  the  meridian  altitude  of  the 
planets  and  fixed  stauvy  and  observing  the  same  directions 
which  are  given  by  our  author  in  the  case  of  the  sun. 
When  fixed  stars,  however,  are  employed,  their  altitude 
must  be  corrected  by  refraetipn  only^  as  their  parallax  is 
sot  sensible,— £d. 


.  \ 
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L£CTURE  XL 


OF  DIALING. 


LICT. 
XL 


JlIaving  shewn  in  the  preceding  Lecture  how 
to  make  sun-dials  by  the  assistance  of  a  good 
globe,  or  of  a  dialing  scale,  we  shall  now  pro« 
ceed  to  the  method  of  constructing  dials  arith- 
metically ;  which  will  be  more  agreeable  to  those 
who  have  learned  the  elements  of  trigonometry^ 
because  globes  and  scales  can  never  be  so  accu- 
rate as  logarithms,  in  finding  the  angular  dis- 
tances of  the  hours.  Yet,  as  a  globe  may  be 
found  exact  enough  for  some  other  requisites  in 
dialing,  we  shall  take  it  in  occasionally. 

The  construction  of  sun-dials  on  all  planes 
whatever,  may  be  included  in  one  general  rule : 
intelligible,  if  that  of  a  horizontal  dial  for  any 
given  latitude  be  well  understood.  For  there 
IS  no  plane,  however  obliquely  situated  with  re- 
spect to  any  given  place,  but  what  is  parallel  to 
the  horizon  of  some  other  place  ;  and  therefore, 
if  we  can  find  that  other  place  by  a  problem  on 
the  terrestrial  globe,  or  by  a  trigonometrical  cal- 
culation, and  construct  a  horizontal  dial  for  it ; 
that  diaL  applied  to  the  plane  where  it  is  to 
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serve,  will  be  a  true  dial  for  that  plaxre. — ^Thus,   lect. 

an  erect  direct  south  dial  in  51-i-  degrees  north  ^ *|^ 

latitude,  would  be  a  horizontal  dial  on  the  same 
meridian,  90  degrees  southward  of  514-  degrees 
north  latitude ;  which  falls  in  with  384-  degrees 
of  south  latitude :  but  if  the  upright  plane  de- 
clines from  facing  the  south  at  the  given  place, 
it  would  still  be  a  horizontal  plane  90  degrees 
from  that  place,  but  for  a  different  longitude ; 
which  would  alter  the  reckoning  of  the  hours'  ac-- 
cordingly. 

CASE  I. 

1.  Let  us  suppose  that  an  upright  plane  at 
London  declines  36  degrees  westward  from  fac- 
ing the  south  ;  and  that  it  is  required  to  find  a 
placQ  oi\  the  globe,  to  whose  horizon  the  said 
plane  is  parallel ;  and  also  the  difference  of  Ion* 
gitude  between  London  and  that  place. 

Rectify  the  globe  to  the  latitude  of  London, 
and  bring  London  to  the  zenith  under  the  brass 
meridian,  then  that  point  of  the  globe  which  lies 
in  the  horizon  at  the  given  degree  of  declination 
(counted  westward  from  the  south  point  of  the 
horizon)  is  the  place  at  which  the  above-mention- 
ed plane  would  be  horizontal. — ^Now,  to  find  the 
latitude  and  longitude  of  that  place,  keep  your 
eye  upon  the  place,  and  turn  the  globe  eastward 
until,  it  comes  under  the  graduated  edge  of  the 
brass  meridian ;  then  the  degree  of  the  brass 
meridian  that  stands  directly  over  the  place,  is 
its  latitude ;  and  the  number  of  degrees  in  the 
equator,  which  are  intercepted  between  the  me- 
ridian of  London  and  the  brass  meridian,  is  the 
place's  difference  of  longitude. 

Thus,  as  the  latitude  of  London  is  514*  de- 
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LtCr.  grees  north,  and  the  decHnation  of  the  blace  i^  Sd 
*^^^ degrees  west;  I  elevatfe  the  north  pole  31^  de^ 
""^gi-ees  above  the  horizon,  and  turn  me  globe  un*' 
til  London  cdmed  to  the  zenith,  or  under  the 
gradualted  edge  of  the  meridiaii ;  then,  t  count 
36  degrefes  on  the  horizon  westward  from  th^ 
south  pointy  and  make  a  mark  on  that  place  of 
the  globe  over  which  the  reckoning  ends,  and 
bringing  the  mark  lindet  the  gradtislted  edg^  ol* 
the  brass  meridian,  I  find  it  to  oe  under  d6^  de- 
grees in  south  latitude :  keepmg  it  there,  I  count 
in  the  equator  the  number  of  degrees  between 
the  meridian  of  London  and  the  brasen  meridian 
(which  now  becomes  the  meridian  of  the  requir- 
ed ^lace)  and  find  it  to  be  42^1  Therefore  an 
upright  piahe  at  Londph,  declining  S€i  degrees 
westward  from  the  south,  would  be  a  horizontal 
plane  at  that  place  ;  whose  ladtude  is  30^  degrees 
south  of  the  equator,  and  longitude  42^  degrees 
west  of  the  meridian  of  London. 

Which  difference  of  longitude  being  convert- 
ed into  time,  is  2  hours  51  ihiiiutes. 

The  vertical  dial  declining  tirestward  ^6  de- 
grees at  Londoh,  is  therefore  to  be  drawn  in  alt 
respects  as  a  horizontal  dial  for  south  ladtude 
30^  degrees ;  save  only,  that  the  reckoning  of 
Ae  houk  is  to  anticipate  the  reckbning  on  the 
horizontal  dial,  by  2  hours  51  minutes :  for  sd 
Riuch  sooiier  will  the  suit  come  to  the  inleridian 
of  London,  than  to  the  meridian  of  any  place 
ifho^  longitude  is  42^  degrees  west  frbtn  London. 

PX.ATS  2.  But  to  be  itiore  exact  thatl  the  globe  trill 

xpun      shew  us,  we  shall  use  a  little  trigonometry. 

'*'  *'  Let  NE  SfFhe  the  horizon  or  London,  whoar 

zenith  is  Z,  and  P  the  north  pole  of  the  sphere  > 

and  let  Zh  be  the  position  of  a  verdcal  plane  at 
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^9  declining  westward  from  S  (t|ie  south)  by   lfct 
an  angle  of  36  degrees ;  on  which  plane  an  erect      *^* 
dial  for  London  at  Z  is  to  be  described.     Make  '  *  " 
the  semidiameter  Z  D  perpendicular  to  Z  h^  and 
it  wi)I  cut  the  horizon  in  Z>,  86  degrees  west  of 
the  .south  S.  Then,  a  plane  in  the  tangent  7/Z>, 
touching  the  sphere  in  Z),  will  be  parallel  to  the 
plane  Zh;  and  the  axis  of  the  sphere  will  be 
equally  inclined  to  both  th(sse  planes. 

Let  fFQE  bie  the  equmpcti^l,  who^  ^levi^ipn 
above  the  horizon  of  Z  (London)  is  38-  de- 
nees ;  and  PRD  be  the  meridian  of  the  place 
jb,  cutting  the  equinoctial  in  JR.  Then,  it  is  evi- 
dent, that  the  arc  RD  is  the  latitude  of  the  p|aca 
D  (where  the  plane  Z  h  would  be  horizontal) 
and  the  zrc  RQ  is  the  differeiice  of  lopgitude  of 
the  planer  Z  h  and  PH. 

In  the  spherical  triaijgle  WDR^  the  arc  fVJi 
is  giv^n,  for  it  is  the  complement  of  the  piane'$ 
declination  from  S  the  south ;  which  conmle- 
ment  is  54^  (viz.  SO*'— 36**) :  tljp  angle  at  R,  in 
which  the  meridian  of  the  place  D  cuts  the  equa- 
tor, is  a  right  angle  ;  and  the  angle  RfVD  mea* 
sures  the  elevation  of  the  equinoctial  above  the 
horizon  of  Z,  namely  384-  degrees.  Say,  there- 
fore, as  radius  is  to  the  cp-sine  of  the  planers  de- 
clination from  the  south,  so  is  the  co-sine  of  the 
latitude  of  Z  to  the  sim  of  RD  the  latitude  pf 
D ;  ■  which  is  of  a  different  denomination  from 
the  latitude  of  Z,  because  Z  and  D  are  on  dif- 
ferent sides  of  the  equator. 

As  radius  _        _        _  10.00000 

Toco-sine  36?    ff^cRQ  9.90796 

So  co-sine  51*^  3(y=QZ  9,79415 

To  sine  30^  U'=PR  9.702|1= 

*  Sec  Playfair*8  '^<^vaxiX%  of  Geometry.  Spher*  Trig. 
Prop.  XIX.— Ed. 
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LECT.   the  latitude  of  />,  \¥hose  horizon  is  parallel  to 
*•      the  vertical  plane  Z  A  at  Z. 

N.  B.  When  radius  is  made  the  first  term,  It 
may  be  omitted^  and  then,  by  subtracting  it» 
mentally,  from  die  sum  of  the  other  two,,  the 
operation  will  be  shortened.  Thus,  in  the  pre- 
sent case. 

To  the  logarithmic  sine  of  W^7?=  *  54*  '(T  9.90796 
Add  the  logarithmic  sine  of /iD='  SS""  30    9.79415 

Their  sura  ndrtus  radius 9.702U 

gives  the  same  solution  as  above.  And  we  shall 
keep  to  this  method  in  the  following  part  of  the 
work. 

To  find  the  diflFerence  of  longitude  of  the 
places  D  and  Z,  say,  as  radius  is  to  the  co-sine 
of  38^  degrees,  the  height  of  the  equinoctial  at 
Z,  so  is  the  co-tangent  of  36  degrees,  the  plane's 
declination,  to  the  co-tangent  of  the  difference  of 
longitudes.  ^     Thus, 

To  the  logarithmic  sine  of  '  51*  3ff      9.89364 

Add  the  tegarithmic  tang,  of      bV'    Of    10. 13874 

Their  sum  minus  radius 10.03238 

is  the  nearest  tangent  of  47  8'=  WR ;  which  is 
the  co-tangent  of  42**  52'=5Q,  the  difference 
of  longitude  sought.  Which  difference  being  re- 
duced to  time,  is  2  hours  514-  minutes. 

3.  And  thus  having  found  the  exact  latitude 


*  The  co-sine  of  36^    O',  or  o£  R^ 

*  The  co-sine  of  5io  3(fy  or  of  ^. 

•  PUyfair's  Geom.  Sphcr.  Trig.  Prop.  XVIII E^. 

'  The  co-sine  of  38o  30',  or  of  H^DR. 

•  The  co-Ungcnt  of  36*,  or  of  DfF. 
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and  longitude  of  the  place  D,  to  whose  horizon  x.Eer. 
the  vertical  plane  at  Z  is  parallel,  we  shall  pro-  ^' 
ceed  to  the  construction  of  a  horizontal  dial  for 
the  place  D,  whose  latitude  is  ^(f  1 4'  south ; 
but  anticipating  the  time  at  Z>  by  2  hours  51 
minutes  (neglecting  the  \  minute  in  practice)  be- 
cause /)  is  so  far  westward  in  longitude  from  the 
meridian  of  London;  and  this  will  be  a  true  vertical 
dial  at  London,  declining  westward  36  degrees. 

Assume  any  right  line  C  S  L  for  the  substile  Fig.  2. 
of  the  dial,  and  make  the  angle  K*C  P  equal  to 
the  latitude  of  the  place  (viz.  S(f  1 4')  to  whose 
horizon  the  plane  of  the  dial  is  parallel ;  then 
CRP  will  be  the  axis  of  the  stile,  or  edge  that 
casts  the  shadow  on  the  hours  of  the  day,  in  the 
dial.  This  done,  draw  the  contingent  Ime  E  Q, 
cutting  the  substilar  line  at  right  angles  in  K; 
and  from  K  make  KR  perpendicular  to  the  axis 
CRP.  Then  K G  (=KR)  bemg  made  radius, 
that  is  equal  to  the  chord  of  60°  or  tangent  of 
45^,  on  a  good  sector  take  42*^  52'  (the  diflfer- 
ence  of  longitude  of  the  places  Z  and  D)  from 
the  tangents,  and  having  set  it  from  K  to  M^ 
draw  CM  for  the  hour-lme  of  XII.  Take  KN 
equal  to  the  tangent  of  an  angle  less  by  1 5  de- 
grees than  KM;  that  is,  the  tangent  2T  52' ; 
and  through  the  point  N  draw  CN  for  the  hour- 
line  of  I.  The  tangent  of  12^  52'  (which  is 
15*  less  than  27°  52)  set  oflF  the  same  way,  will 
give  a  point  between  K  and  iV,  through  which 
the  hour-line  of  II  is  to  be  drawn.  The  tangent 
of  2°  8'  (the  diflference  between  45°  and  42*"  52  ) 
placed  on  the  other  side  of  CX,  will  determine 
the  point  through  which  the  hour-line  of  III  is 
to  be  drawn :  to  which  1^  8'  if  the  tangent  of 
15*"  be  added,  ii  will  make  l?"*  8';  and  this  set 
off  from  K  toward  Q  on  the  line  £Q  will  give 
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LncT.  the  point  for  the  hour-line  of  IV ;  and  so  of  the 
^''  rest.  The  forenoon  hour-lines  are  drawn  the  same 
way,  by  the  continual  addition  of  the  tangents 
15%  30%  45*,  &c.  to  42%  52*  (=  the  tangent 
of  KM)  for  the  hours  of  XI,  X,  IX,  &c.  as  far 
as  necessary ;  that  is,  until  there  be  five  hours 
on  each  side  of  the  substile.  The  sixth  hour,  ac- 
counted from  that  hour  or  part  of  the  hour  on 
which  the  substile  falls,  will  be  always  in  a  line 
perpendicular  to  the  substile,  and  drawn  through 

the  centre  C*  . 

« 

4.  In  all  erect  dials,  CM,  the  hour-line  of  XII 
is  perpendicular  to  the  horizon  of  the  place  for 
which  the  dial  is  to  serve :  for  that  line  is  the  in- 
tersection of  a  vertical  plane  with  the  plane  of 
the  meridian  of  the  place,  both  which  are  per- 
pendicular to  the  plane  of  the  horizon :  and  any 
fine  /f  0,  or  Ao,  perpendicular  to  CMy  will  be 
a  horizontal  line  oil  the  plane  of  the  dial,  along 
which  line  the  hours  may  be  numbered:  and 
CM  being  set  perpendicular  to  the  horizon,  the 
dial  will  have  its  true  position. 

• 

5.  If  the  plane  of  the  dial  had  declined  by  aa 
equal  angle  toward  the  east,  its  descr^tion  would 
have  differed  only  in  this,  that  the  hour-line  of 
XII  would  have  fallen  on  the  other  side  of  the 
substile  CLj  and  the  line  H  0  would  have  a  sub- 
contrary  position  to  what  it  has  in  this  figure. 

6.  And  these  two  dials,  with  the  upper  points 
of  their  stiles  turned  toward  the  north  pole,  will 
serve  for  the  other  two  planes  parallel  to  them  ; 
the  one  declining  from  the  north  toward  the 
east,  and  the  other  from  the  north  toward  the 
west,  by  the  same  quantity  of  angle,     llic  like 
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holds  true  o^  all  dials  in  general,  whaterer  be  L£cT. 
their  declination  and  obliquity  of  their  planes  to      ^^ 
the  horizon. 

CASE  Hi 

7.  if  the  plane  of  the  dial  not  only  declines^  Rg.  5. 
but  also  reclinesj  or  inclines.  Suppose  its  de- 
clination from  fronting  the  south  S  be  equal  to 
the  arc  5  i)  on  the  horizon ;  and  its  rechnation 
be  equal  to  the  arc  Dd  of  the  vertical  circle 
DZ ;  then  it  is  plain,  that  if  the  quadrant  of 
altitude  ZdDy  on  the  globe,  cuts  the  point  D 
in  the  horizon,  and  the  reclination  is  counted 
upon  the  quadrant  from  D\o  d;  the  intersec- 
tion of  the  hour«circle  PRdj  vnth  the  equinoc- 
tial fVQEy  \inll  determine  Rdj  the  latitude  of 
the  place  d^  whose  horizon  is  parallel  to  the 
given  plane  ZhztZ;  and  R  Q  vriH  be  the  dif- 
ference in  longitude  of  the  planes  at  d  and  Z* 

Trigonottietrically  thus :  let  a  great  circle  pasR!^ 
throi]^h.  the  three  points  fV^  d^  E ;  and  in  the 
trian^e  W  D  dj  right-angled  at  /),  the  sides 
H^  D  and  D  dzjte  given ;  and  thence  the  angle 
D  ff^d  is  found,  and  so  is  the  hypothenuse  frd. 
Again,  the  diffb'ence,  or  the  sUm,  of  D  JVd 
and  D  WRj  the  elevation  of  the  equinoctial 
tix>ve  the  horizon  of  Z,  gives  the  angle  d  fVR ; 
9nd  the  hypothenuse  of  the  triangle  WRd  was 
just  now  found ;  whence  the  sides  R  d  and  PFR 
are  found,  the  former  being  the  latitude  of  the 
place  dj  and  the  latter  the  complement  oi-R  Q, 
the  difference  of  longitude  sought. 

Thus,  if  the  latitude  of  the  place  Z  be  52""  ICf 
north ;  the  dedination  ^  i>  of  the  plane  Z  h 
(which  would  be  horizcmtal  at  (/)  be  S6^,  and  the 
Mclination  be  15^,  or  equal  to  the  zic  Dd;  che 
south  latitude  of  the  pbce  d^  that  is,  the  zxcRd, 
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wUl  be  15*  y ;  and  /2  Q  the  difference  of  the 
longitude;  36^  2\  From  these  data,  therefore, 
let  the  dial  (Iig.  4)  be  described,  as  in  the  form- 
er example. 

8.  Only  it  is  to  be  observed,  that  in  the  reclining 
or  inclining  dials,  the  horizontal  line  will  not  stand 
at  right  angles  to  the  hour-line  of  XII,  as  in  erect 
dials  ;  but  its  position  may  be  found  as  follows. 
Figi  4-  To  the  common  substilar  line  CKLj  on  which 

the  dial  for  the  place  d  was  described,  draw  the 
dial  Crpm  12  for  the  place  i),  whose  declina- 
tion is  the  same  as  that  of  cf,  viz.  the  arc  iS  /) ; 
and  H  0,  pexpendicular  to  C  m,  the  hour-line  of 
Xn  on  this  dial,  will  be  a  horizontal  line  on  the 
dial  C  P  /e  M  Xn.  For  the  declination  of  both 
dials  being  the  same,  the  horizontal  line  remains 
parallel  to  itself,  while  the  erect  position  of  one 
dial  is  reclined  or  inclined  with  respect  to  the 
position  of  the  other. 

Or,  the  position  of  the  dial  may  be  found  by- 
applying  it  to  its  plane,  so  as  to  mark  the  true 
hour  of  the  day  by  the  sxm,  as  shewn  by  anothei* 
dial ;  or,  by  a  clock  regulated  by  a  true  meridian 
line  and  equation  table* 

9*  There  are  several  other  thinfi;s  requisite  in 
the  practice  of  dialing ;  the  chief  of  which  I 
shall  give  in  the  form  of  arithmetical  rules, 
simple  and  easy  to  those  who  have  learned  the 
elements  of  trigonometry.  For  in  practical  arts 
of  this  kind,  arithmetic  should  be  used  as  &r  as 
it  can  go ;  and  scales  never  trusted  to,  except 
in  the  final  construction,  where  they  are  abro- 
lutely  necessary  in  laying  down  the  calculated 
hour-distances  on  the  pbne  of  the  dial.  And 
aldiough  the  inimitable  artists  of  this  metropolis 
have  no  occasion  for  such  instructions,  yet  they 


Of  Dialing.  51 

may  be  of  some  use  to  students,  and  to  private  lect. 
gentlemen,  who  amuse  themselves  this  way.  ^^ 

RULE  I. 

To  find  the  angles  which  the  hour4ines  en  any 
dial  make  mth  the  substile^ 

To  the  logarithmic  ane  of  the  given  latitude, 
or  of  the  stile's  elevation  above  the  plane  of  the 
dial,  add  the  logarithmic  tangent  ,of  the  hour 
distance '  from  me  meridian,  or  from  the  sub- 
stile  ;  *  and  the  sum  minus  tadius  will  be  the  lo- 
garithmic tangent  of  the  angle  sought. 

For,  in  Fig.  2,  KC  is  to  KM  in  the  ratio 
compoimded  of  the  ratio  of  KC  to  KG  (z^KR) 
and  of  KG  to  KM;  which  making  CK  the  ra- 
dius, 10,000,000,  or  100,000,  or  10  or  1,  are  the 
ratio  of  10,000,000,  or  of  100,000,  or  of  10,  or 
of  1,  to  KG  X  KM. 

Thus,  in  a  horizontal  dial,  for  latitude  51^ 
30^,  to  find  the  angular  distance  of  XI  in  the 
forenoon,  or  I  in  the  afternoon,  from  XII. 

To  the  logarithmic  sine  of  51<>  30"        9.89354* 
Addthek^arithmictaiig.of51<'    0'        9.42805 

The  sum  mmus  radius  is •...9.32159= 

the  logarithmic  tangent  of  11^  50,  or  of  the 
angle  which  the  hour-line  of  XI  or  I  makes  with 
the  hour  of  XII. 


*  That  it,  of  15,  30^  45,  60,  75%  for  the  hours  of  I, 
II,  III,  IV,  V,  in  the  aftemeon ;  and  XI,  X,  IX,  VIII, 
VII,  in  the  forenoon. 

*  In  all  horizontal  dials,  and  erect  north  or  sonth  dials, 
the  substile  and  meridian  axe  the  same ;  hnt  in  all  declin- 
ing  diak,  the  substile  line  makes  an  an^le  with  the  meridian. 
. .  *  In  which  case,  the  radius  CKi%  supposed  to  be  di- 
vided into  1,000^000  equal  parts. 

D  2 
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And  by  computing  in  this  manner,  with  the 
sine  of  the  latitude,  and  the  tangents  of  30,  45, 
60,  and  TS"",  for  the  hours  of  II,  III,  IV,  and 
V,  in  the  afternoon ;  or  of  X,  IX,  VIII,  and 
VII,  in  the  forenoon ;  you  will  find  their  angular 
distmces  ifrom  XII  to  be  34^  18',  38""  3',  53"^ 
85',  and  71^  O' :  which  are  all  diat  there  is  oc« 
casion  to  compute  for. — And  these  distances  may 
be  set  off  from  XII  by  a  line  of  chords  ;  or  ra^ 
ther,  by  taking  1 ,000  from  a  scale  of  equal  parts, 
and  setting  tli^  extent  as  a  radius  from  C  to 
XII :  and  then,  taking  309  of  the  same  parts 
(which,  in  the  tables,  are  the  natural  tangent  of 
11^  50'),  and  setting  them  from  XII  to  XI  and 
to  I,  on  the  line  h  o,  which  is  perpendicular  to 
Hg.  a.  C  XII :  and  so  for  the  rest  of  the  hour-lines, 
which  in  the  table  of  natural  tangents,  against 
the  above  distances,  are  451,  782,  1,355,  and 
2,920,  of  such  equal  parts  from  XII,  as  the  ra- 
dius C  XII  contains  1 ,000.  And  lastly,  set  off 
1,257  (the  natural  tangent  of  51^  30^;  for  the 
anele  oiF  the  stile's  height,  which  is  equal  to  the 
latitude  of  the  place* 

The  reason  why  I  prefer  the  use  of  the  tabular 
numbers,  and  of  a  scale  decimally  divided,  to 
that  of  the  li^e  of  chords  is  because  there  is  the 
least  chance  of  nustake  and  error  in  this  way  ; 
and  likewise,  because  in  some  cases  it  gives  us 
the  advantage  of  a  nonius  divisioxu^ 

^  This  scale,  for  rab^^iitiding  the  IimfM  of  quailrants, 
and  tbe  dititioDt  of  otber  mitbmatical  ibttruoienttt  is  im- 
properly called  Miuk#»  frofli  OME.  NoaiuH  who  is  supposed 
to  be  its  inventor.  The  honour  of  the  iaTemioii  is  due  to 
Peter  Vernier,  a  Freack  ratleaaii»  from  wfaoni  it  fre- 
quently recema  its  mmie^  The  Vernier  scale  coMMta  of  s 
piece  of  brass  or  inNj,  wUekaoivet  along  the  Haib  of  the 
quadnuit.  A  apace,  equal  to  any  aamber  of  degrees  in  the 
circular  arcb»  ll^for  example  is  CraaaftRtd  to  this  psete 

of 
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In  the  uxuversal  ring-dial,  for  instance,  the 
iii?isions  on  the  axis  are  the  tangents  of  the 
angles  of  the  sun's  declination  placed  on  either 
side  of  the  centre.  But  instead  of  laying  them 
down  from  a  line  of  tangents,  I  would  make  a 
^cale  of  equal  parts,  whereof  1,000  should  answer 
exactly  to  the  length  of  the  semi-axis,  from  the 
centre  to  the  inside  of  the  equinoctial  ring  ;  and 
then  lay  down  434  of  these  parts  toward  each  end 
from  the  centre,  which  would  limit  all  the  divi- 
sions on  the  axis,  because  434  is  the  natural 
tangent  of  23^  2ff.  And  thus  by  a  nonius  affix- 
ed to  the  sliding  piece,  and  taking  the  sun's  de- 
clination from  an  ephemeris,  and  the  tsoigent  of 
that  declinaticm  from  the  table  of  natural  tangents, 
the  slider  might  be  always  set  true  to  within  two 
minutes  of  a  degree. 

And  this  scale  of  434  equal  parts  might  be 
placed  right  against  the  234-  degrees  of  the  sun's 
4eclinatioa,  on  the  axis,  instead  of  the  sun's 


•f  brass,  and  divided  iato  10  parts,  so  that  each  division  of 
the  vernier  will  exceed  each  division  of  the  limb  by  y^  ot 
a  degree.  Snpqiose  the  plttmb4ifie  of  the  quadrant  to  fall 
between  the  25*^  tnd  2tP^  degjttCf  and  that  the  degrees 
run  from  right  to  left.  Then,  in  order  to  find  the  num« 
ber  of  minutes  above  25^,  move  the  vernier  tili  the  plumb- 
line  falls  on  the  beghming  of  its  scale,  and  find  what  divi- 
sion ci  the  vernier  coincides  with  any  division  on  the  limb ; 
and  by  so  many  10*^  of  t  degree  will  the  angle  exceed 
25^*  If  the  7'*  division  of  the  vernier,  for  instance,  coin** 
cides  with  a  division  on  the  limb,  then,  ^V^*"  ^  ^  ^^* 
gree,  or  42  minutes,  must  be  added  to  25  degrees,  and 
the  angle  will  be  26°  42f.— Nonius's  method  consisted  in 
drawing  a  number  of  concentnc  circles,  the  outermost  of 
which  was  divided  into  gO  parts  ;  the  next  into  89 ;  the 
next  iato  8S,  &c.  so  that  the  plumb-line  was  sure  to  coin- 
cide with  some  division  in  one  of  these  circles,  and  the 
ang^e  ctfsid  be  easily  deduced,  from  the  miaiber  of  parts 
into  which  that  circle  was  divided.— £d. 
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place,  vi\ad\  is  there  of  very  little  use.  For  then, 
.  the  sUder  might  be  set  in  the  usual  way,  to  the 
day  of  the  month,  for  common  use ;  but  to  the 
natural  tangent  of  the  declination,  when  great 
accuracy  is  required. 

The  like  may  be  done  wherever  a  scale  of 
sines  or  tangents  is  required  on  any  instrument.  • 

RULE  II. 

The  latitude  of  the  placej  the  sun*s  declination^ 
and  his  hour  distance  from  the  meridian  being 
given^  to  find  (lj)his  altitude;  (2,)  his  azimuth* 

Tig,^  !•  Let  d  be  the  sun's  place,  dRy  his  declina- 

tbn ;  and  in  the  triangle  PZdy  Pdthe  sum,  or 
the  difference,  of  d  Rj  and  the  quadrant  P  R 
being  given  by  the  supposition,  as  also  the  com- 
plement of  the  latitude  P  Z,  and  the  angle  dPZ^ 
which  measures  the  horary  distance  of  d  from  the 
meridian ;  we  shall  (by  case  4,  of  KeilPs  Oblique 
spheric  trigonometry)  find  the  base  Z  J,  which 
is  the  sun's  distance  frpfn  the  zenith,  or  the  com- 
plement  of  his  aftitude. 

And  (2,)  as  sine  Zd:  sine  Pd::  sme  dPZz 
d  Z  P,  or  of  its  supplement  DZ  «$,  the  azimuthal 
distance  from  the  southJ 

Or,  the  jpractical  rule  may  be  as  follows  : 

Write  A  for  the  sine  of  the  sim- s  altitude,  L  and 
/  for  the  ane  and  co-sine  of  the  latitude,  D  and  d 
for  the  sine  and  co-sine  of  the  sun's  declination^ 
and  H  for  the  sine  of  the  horaiy  distance  from  VI* 

Then  the  relation  of  H  to  A,  will  have  three 
varieties. 

1 .  When  the  declination  is  toward  the  elevated 
pole,  and  the  hour  of  the  day  is  between  Xn  and 

VI}  itis^zr  LD  +  Hld,  znd  H=^^f=^' 


V 


Of  Dialing.  55 

«.  When  the  hour  is  after  VI,  it  is  -^=  Z  D  lect. 
— /f  /  dj  and  Hiz — jn — 

3.  When  the  declination  is  toward  the  de- 
pressed pole,  we  have  Az:z  HI d — L  jD,  and 
„    A+LD. 

Which  theorems  will  be  found  useful,  and  ex- 
peditious enough  for  solving  those  problems  in 
geography  and  dialing,  which  depend  on  the  re- 
lation of  the  sun's  altitude  to  the  hour  of  the 
day. 

EXAMPLE  I.  • 

Suppose  the  latitude  of  the  place  to  be  51- 
degrees  north ;  the  time  five  hours  distant  from 
XII,  that  is,  an  hour  after  VI  in  the  morning,  or 
before  VI  in  the  evening ;  and  the  sun's  declina- 
tion 20®  north.     Required  the  surCs  altitude  ? 

Then,  to  log.  X  =  log.  sine  5P  38'         1:89354^ 
Add  log.  D  =  log.  sine  20'>    0'         1.53405 

Their  sum 1.42759 

gives  LD  =  logarithm  of  0.267664,  in  the  na^ 
tural  sines. 

And,  to  log.  J7  =  log.  sine^  15<>  (X  1.41300 

^AA   f  log-   '•  =  log-  sine'  38°  0'  1.79414 

I  log.  d.  =  log.  sine'  70°  ff  1.97300 


Their  sum 1.18014 

gives  H I  d=z  logarithm  of  0.151408,  in  the  na- 
tural sines. 


'  Here  we  consider  the  radius  as  unity,  and  not  lyOOO^OOQ, 
by  which,  instead  of  the  index  g,  we  have — l,  as  above : 
which  is  of  no  further  use,  than  making  the  work  a  Uttle  easier. 

'  The  distance  of  one  hour  from  VI. 

^  The  co4atitndc  of  the  pkice. 

'  The  co^eclination  of  the  si^ki. 
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tEGT.  And  these  two  numbers  of  (0.267664  and 
!^!L^  0.151408)  make  0.419072  =  -^;  which,  in  the 
table,  is  the  nearest  natiiral  sine  of  24^  4T9  the 
sun's  altitude  sought. 

The  same  hour-distance  being  assumed  on  the 
other  side  of  VI,  then  L  D—Hl  d  is  0.1l6256» 
the  sine  of  6^  4O7 ;  which  is  the  sun's  altitude 
at  V  in  the  morning,  or  VII  in  the  evening,  when 
his  north  declination  is  20^. 

But  when  the  declination  is  20^  south,  (or  to- 
ward the  depressed  pole)  the  diflPerence  H I  rf— 
L  D  becomes  negative,  and  thereby  shews  that, 
an  hour  before  Vl  in  the  morning,  or  past  VI  in 
the  evening,  the  sun's  centre  is  6^'4-  40'  below 
the  hopzon. 

EXAMPLE  II. 

In  the  same  latitude  and  north  declination  from 
the  given  altitude  to  find  the  hour. 

Let  the  altitude  be  48°  ;  and  because,  in  this 

case  Hzz-'^^j^ — -  and  A  (the  natural  sine  of 

48«)  =;  .743145,  and  XZ)  =  .267664,  A^L  D 
will  be  0.475481,  whose  logarithmic 

sine  is L677I381 

from  which  taking  the  logarithmic  sine 

of  /  +  rf  = 1.7671354 

Remains , , , 1.9099977 

the  logarithmic  sine  of  the  hour-distance  sought, 
viz.  of  54**  22' ;  which,  reduced  to  time,  is  3  * 
374-" ;  that  is,  IX  *  374-"'  in  ^he  forenoon,  or  II  ^ 
224.  "^  in  the  afternoon. 

Put  the  altitude  =  18^,  whose  natural  sine 
is  .3090170;  and  thence  A — L  D  wHl-bc 
-^  .0491953  ;  which  divided  by  /  -f-  /i,  gives 
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.0717179,  the  dne  of  4"*  6'^,  in  time  16f  mi-  lect. 
nutes  nearly,  before  VI  in  the  morning,  or  af-     ^'* 
ter  VI  in  the  evening,  when  the  sun's  altitude 
is  18*. 

And,  if  the  declination  2(f  had  been  tovard 
the  south  pole,  the  sun  would  have  been  de- 
pressed 18^  bdow  the  horizon  at  I64-  minutes 
after  VI  in  the  evening ;  at  which  time  the  twi«- 
light  would  end ;  which  happens  about  the  22^ 
of  November,  and  lO'**  of  January,  in  the  lati- 
tude of  51^4-  north.  The  same  way  may  the 
end  of  twilight,  or  beginning  of  dawn,  be  tound 
for  any  time  of  the  year. 

NoTfi  1,  If  in  theorem  2  and  3  (page  55) 
^  is  put  =r  O,  and  the  value  of  H  is  computed, 
we  have  the  faotur  of  sun-rising  and  setting  for 
any  btitude,  and  time  of  the  year.  And  u  we 
put  if  =  O,  and  compute  yf,  we  have  the  sun's 
altitude  or  depression  at  the  hour  of  VI.  And 
lastly,  if  H^  Aj  and  D  are  given,  the  latitude  may 
be  found  by  the  resolution  of  a  quadratic  equa- 
tion ;  £br  /  =  ^  I  —  L*. 

NoT£  2,  When  ji  is  equal  O,  /T  is  equal 
jj-^T  L  X  TD,  the  tangent  of  the  latitude 

multiplied  by  the  tangent  of  the  declination. 

As,  if  it  was  required,  zrAat  is  the  greatest  length 
of  day  in  latitude  SI""  30^  ? 

To  the  log.  tangent  of  51<>  SV 0.0993948 

Add  the  1^.  tangent  of  23»  39^. ^...1.6379563 

Their  sum 1.7373511 

is  the  log.  sine  of  the  hour-^tance  33^  T ;  in 
time  2^  I2i.*.    The  longest  cfciy  therefore  is 
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12*  +  4*  25*  =  16«»  2S\    And  the  shortest 
day  is  12* — 4*  25"  =  7*35". 
And  if  the  longest  day  is  given,  the  latitude 

of  the  place  is  found  ;^jr2j  being  equal  to  T  L. 

Thus,if  the  longest  day  is  13i*  =  2  X  6*  +  45" 
and  45"  in  time  being  equal  to  11^  degrees. 

From  the  log.  sine  of  11«  15' 1.2902357 

Take  the  log.  taug.  of  23<>  81/' 1 .6379662 

Remains 1.6522796 

=  the  logarithmic  tangent  of  lat.  24^  1 1'. 

And  the  same  way,  the  latitudes,  where  the 
several  geographical  climates  and  parallels  begin^ 
may  be  found ;  and  the  latitudes  of  places,  that 
are  assigned  in  authors  from  the  length  of  their 
days,  may  be  examined  and  corrected. 

Note  3.  The  same  rule  for  finding  the  long- 
est day,  in  a  given  latitude,  distinguishes  the 
hour-lines  that  are  necessary  to  be  drawn  on  any 
dial  from  those  which  would  be  superfluous. 

In  lat.  52^  10'  the  longest  day  is  16*  32°* 
and  the  hour-lines  are  to  be  marked  from  44  * 
after  III  in  the  morning,  to  16"  after  VIII  in 
the  evening. 

In  the  same  latitude,  let  the  dial  of  Art.  7, 
Fig.  4,  be  proposed ;  and  the  elevation  of  its 
stile  (or  the  latitude  of  the  place  d^  whose  hori- 
zon is  parallel  to  the  plane  of  the  dial)  being 
1 5^  9' ;  the  longest  day  at  e/,  that  is,  the  longest 
time  that  the  sun  can  illuminate  the  plane  of  the 
dial,  will  (by  the  rule  H—TLy.  T D)  be 
twice  6*  27"  =  12*  54".  The  diflFerence 
of  longitude  of  the .  planes  d  and  Z  was  found 
in  the  same  escample  to  be  36?  2^;  in  time. 
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S^  24"^ }  and  the  declination  of  the  plane  was  lect. 
from  the  south  toward  the  west.     Addmg  there-  ^    xi, 
fore  2*  24"  to  5**  33%  the  earliest  sun-rising' 
on  a  horizontal  dial  at  d^  the  sum  7^  57°^ 
shews  that  the  morning  hours,  or  the  parallel 
dial  at  Z,  ought  to  begin  at  3"  before  VIIL 
And  to  the  latest  sun-setting  at  d^  which  is  6  ^ 
27",  adding  the  same  2'»  24%  the  sum  8*"  51 " 
exceedmg  0'^  16^9  the  latest  sun-setting  at  Z9 
by  35  ",  shews  that  none  of  the  afternoon  hour- 
lines  are  superfluous.     And  the  4^  13°^  froi9 
in*  44",  the  sun-risingat  Z,  to  VIP    57"; 
the  sun-rising  at  d^  belone  to  the  other  face  of 
the  dial ;  that  is,  to  a  dial  declining  36""  from 
north  to  east,  and  inclining  15^ 
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JFrom  the  same  data  to  Jind  the  suites  azimutlu 

If  fl,  X,  and  D,  are  given,  then  (by  Art.  2, 
of  Rule  II)  from  //,  having  found  the  altitude 
and  its  complement  T^  d  ;  and  the  arc  P  D  (the 
distance  from  the  pole)  being  given,  say,  as  the 
co-sine  of  the  altitude  is  to  the  sine  of  the  distance 
from  the  pole,  so  is  the  sine  of  the  hour-distance 
from  the  meridian  to  the  sine  of  the  azimuth 
distance  from  the  meridian. 

Let  the  latitude  be  51®  SC  north,  the  declina- 
tion 15®  9'  south,  and  the  time  IP  24"  in 
the  afternoon,  when  the  sun  begins  to  illuminate 
a  vertical  wall,  and  it  is  required  to  find  the  po- 
sition of  the  wall. 

Then,  by  the  foregoing  theorems,  the  com- 
plement ot  the  altitude  will  be  81^  32'^,  and 
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P  dihe  distance  from  the  pole  being  109°  s' 
and  the  horary  distance  from  the  meridum,  or  the 
angle  dPZ,  36°. 

To  log  sine  74«>  51' 1.98464 

Add  1^.  sine  36'    0' 1.76922 

And  from  the  sum 1.75386 

Take  the  log.  sine  Sl^  SS'i 1 .99525 

Remains 1.75861  s:  log. 

sine  35^,  the  azimuth  distance  south. 

When  the  altitude  is  given,  find  from  thence 
the  hour,  and  proceed  as  above. 

lliis  praxis  is  of  singular  use  on  many  oc- 
casions :  in  finding  the  declination  of  vertical 
planes  more  exactly  than  in  the  common  way, 
especially  if  the  transit  of  the  sun's  centre  is  ob- 
served by  applying  a  ruler  with  sights,  either 
plane  or  telescopical,  to  the  wall  or  plane,  whose 
declination  is  required.<>^In  drawing  a  meridian- 
line,  and  finding  the  magnetic  variation. — In 
finding  the  bearings  of  places  in  terrestrial  sur- 
veys ;  the  transit  of  the  sun  over  any  place,  or 
his  horizontal  distance  from  it  bebg  observed, 
together  with  the  altitucie  and  hour.— And 
thence  determining  small  differences  of  longi* 
tude. — In  observing  the  variation  at  sea,  &c. 

The  learned  Mr.  Andrew  Reid  invented  an 
instrument  several  years  ago,  for  finding  the  la^ 
titude  at  sea  from  two  altitudes  of  the  sun,  ob- 
served on  the  same  day,  and  the  interval  of  the 
observtitions,  measured  by  a  common  watch. 
And^  this  instrument,  whose  only  fault  was  that 
of  its  being  somewhat  expensive,  was  made  by 
Mr.  Jackson.  Tables  have  been  lately  computed 
for  that  purpose. 

But  we  may  often,  from  the  foregoing  rules, 
resolve  the  same  problem  without  much  trouble  .^ 
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especially  if  we  suppose  the  master  of  the  ship  lcct. 
to  know  widiin  2  or  S  degrees  what  his  latitude     ^'' 
19,  Thus, 

Assume  the  two  nearest  probable  limits  of  the 

latitude,  and  by  the  theorem  Hzz:  -^^j — ,  com-  ^ 

pute  the  hours  of  observation  for  both  supposi- 
tions. If  one  interval  of  those  computed  hours 
coincides  with  the  interval  observed,  the  ques- 
tion is  solved.  If  not,  the  two  distances  of  the 
intervals  computed,  from  the  true  interval,  will 
give  a  proportional  part  to  be  added  to,  or  sub- 
tracted  from,  one  of  the  latitudes  assumed.  And 
if  more  exactness  is  required,  the  operation  may 
be  repeated  with  the  latitude  already  found. 

But  whichever  way  the  question  is  solved,  a 
proper  allowance  is  to  be  made  for  the  difference 
of  latitude  arising  from  the  ship's  course  in  the 
time  between  the  two  observations. 


Of  the  double  horizontal  Dial,  and  the  Babylo* 

nian  and  Italian  Dials. 

To  the  gnomonic  projection,  there  is  sometimes 
added  a  stereographic  projection  of  the  hour* 
circles,  and  the  parallels  of  the  sun's  declination, 
on  the  same  honzontal  plane ;  *  the  ui^ight  side  of 
the  gncHnon  being  sloped  into  an  edge,  standing 
perpendicularly  over  the  centre  of  the  projec* 
tion :  so  that  the  dial  being  in  its  due  position, 
the  diadow  of  that  perpendicular  edge  is  a  ver- 
tical circle  luissing  through  the  sun,  in  the  ste- 
reographic projection. 

The  months  being  duly  marked  on  the  dbl, 
the  sun*s  decEnation,  and  the  length  of  the  day 
at  any  time,  are  had  by  inspection ;  as  also  hi? 
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LECT.  altitude,  by  means  of  a  scale  of  tangents.    But 
*'•     its  chief  property  is,  that  it  may  be  placed  true^ 
whenever  the  sun  shines,  without  the  help  of 
any  other  instrument. 

%•  3*  Let  d  be  the  sun's  place  in  the  stereographic 

.  projection,  xdyz  the  parallel  of  the  sun's  decli- 
nation, Z(/  a  vertical  circle  through  the  sun's 
centre,  P  (f  the  hour-circle ;  and  it  is  evident, 
chat  the  diameter  NS  of  this  projection  being 
placed  duly  north  and  south,  these  three  circles 
will  pass  through  the  point  d.  And  therefore, 
to  give  the  dial  its  due  position,  we  have  only  to 
turn  its  gnomon  toward  the  sun,  on  a  horizontal 
plane,  until  the  hour  on  the  common  gnomonic 
projection  coincides  with  that  marked  by  the 
hour-circle  P  dj  which  passes  through  the  inter- 
section of  the  shadow  Z  d  with  the  circle  of  the 
sun's  present  declination. 

The  Babylonian  and  Italian  dials  reckon  the 
hours,  not  from  the  meridian,  as  with  us,  but 

^^^  from  the  sun's  rising  and  setting*  Thus,  in 
Italy,  one  hour  before  sun-set  is  reckoned  the 
23^  hour  *^o  hours  before  sun-set  the  22**  hour^ 
and  so  oi  ui  j  rest.  And  the  shadow  that  marks 
them  on  the  hour-lines,  is  that  of  the  point  of  a 
stile.  This  occasions  a  perpetual  variation  be- 
tween their  dials  and  clocks,  which  they  must 
correct  from  time  to  time,  before  it  arises  to 
any  sensible  quantity,  by  setting  their  clocks  so 
much  hster  or  slower.  And  in  Italy  they  begin 
their  day,  and  regulate  their  clocks,  not  from 
sun-set,  but  from  about  mid«twilight,  when  the 
jive  Maria  is  said ;  which  corrects  the  diflference 
that  would  otherwise  be  between  the  clock  and 
thediaL 

The  improvements  which  have  been  made  in 
all  sorts  of  instruments  and  machines  for  me9^ 
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suring  time,  have  rendered  such  dials  of  little   lect. 
account.     Yet,  as  the  theory  of  them  is  inge-      ^"* 
nious,  and  they  are  really,  in  some  respects,  the 
best  contrived  of  any  for  vulgar  use,  a  general 
idea  of  their  description  may  not  be  unaccept- 
able. 

Let  Fig.  5  represent  an  erect  direct  south  Fig.  5. 
vail,  on  virhich  a  Babylonian  dial  is  to  be  drawn, 
shewing  the  hours  from  sun-rising  ;  the  lati- 
tude of  the  place,  whose  horizon  is  parallel  to 
the  wall,  being  equal  to  the  angle  KCR.  Make, 
as  for  a  conunon  dial,  KG  =z  KR^  (which  is  per- 
pendicular to  CR^  the  radius  of  the  equinoctial 
^  Q,  and  draw  RS  perpendicular  to  CK  for 
the  sdle  of  the  dial ;  the  shadow  of  whose  point 
i?  is  to  mark  the  hours,  when  SR  is  set  upright 
on  the  plane  of  the  dial. 

Then  it  is  evident,  that  in  the  contingent  line 
jE  Q,  the  spaces  Klj  K2j  KSj  &c.  being  taken 
equal  to  the  tangents  of  the  hour-distances  from 
the  meridian,  to  the  radius  KGj  one,  two,  three, 
&c.  hours  after  sun- rising,  ^n  the  equinoctial 
day ;  the  shadow  of  the  point  R  wilj|,,be  found, 
at  these  times,  respectively  in  the  po^Vl>  2?  3, 
&c. 

Draw,  for  the  like  hours  after  sun-rising,  when 
the  sun  is  in  the  tropic  of  Capricorn  vs  r,  the 
like  common  lines  CD,  CE,  CF^  &c.  and  at 
these  hours  the  shadow  of  the  point  R  will  be 
found  in  those  lines  respectively.  Find  the  sun's 
altitudes  above  the  plane  of  the  dial  at  these 
hours,  and  with  their  co-tangents  Sd,  Se,  Sf, 
&c.  to  radius  SR^  describe  arcs  intersectmg  the 
hour-lines  in  the  points  d,  e,  fj  &c.  so  shall  the 
right  lines  1  (2,  2  e,  3/,  &c.  be  the  lines  of  I,  U, 
JU,  &c  hours  after  sun-rising. 

The  construction  is  the  same  in  every  other 
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case^  due  regard  being  had  to  the  ^(i^rence  0/ 
longitude  or  the  place  at  \ehich  the  dial  would 
be  horizontal,  and  the  place  for  which  it  is  to 
serve.  And  likewise,  taking  care  to  draw  no 
lines  ^but  what  are  necessary ;  which  may  be 
done,'  partly  by  the  rules  already  given  for  de* 
termining  the  time  that  the  sun  shines  on  any 
plane,  and  pardy  from  this,  that  on  the  tropic*' 
al  days  the  hyperbola  described  by  the  shadow 
of  the  point  K  limits  the  extent  of  all  the  hour-* 
lines. 

The  most  useful,  however,  as  well  as  the 
Amplest,  of  such  dials,  is  that  which  is  described 
on  the  two  sides  of  the  meridian  plane. 

That  the  Babylonian  and  Italic  hours  are 
truly  enough  marked  by  right  lines,  is  easily 
shewn.  Mark  the  three  points  on  a  globe^ 
where  the  horizon  cuts  the  ^uinoctial,  an4  the 
two  tromcs,  toward  the  east  or  west :  and  turn 
the  globe  on  its  axb  15^,  or  J  hour;  and  it  is 
plain  that  the  three  points  which  were  in  2 
great  circle  (viz.  the  horizon)  will  be  in  a  great 
circle  still ;  which  will  be  projected  geometri- 
cally into  a  straight  Hue.  But  mese  three  points 
are  universally  me  sun's  places,  one  hour  after 
8un-set  (or  one  hour  before  sim-ris^)  on  the 
ecjuinoctial  and  solstitial  days.  The  like  is  true 
ot  all  other  circles  of  declinadon,  be»de  the- 
tropics ;  and  therefore,  the  hours  on  such  dials 
are  truly  marked  by  straight  lines  limited  by 
the  projections  of  the  tropics;  and  which  are 
rightly  drawn,  as  in  the  foregoing  example. 

Note  1.  Tlie  same  dials  may  be  deline 
xrithout  the  hour-lines,  CD,  CE,  CF,  &c.  by 
setting  off  the  sun's  azimuths  on  the  plane  of 
the  dial,  from  the  centre  S^  on  either  side  c^ 
the  substile  CSKy  and  the  ^rresponding  co-^ 
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tangents  of  altitude  from  the  same  centre  Sj  for  i^scr. 
I,  n,  in,  &€•  hours  before  or  after  the  sun  is  in .    ^^ 
the  horizon  of  the  place  for  which  the  dial  is  to 
serve,  on  the  equinoctial  and  solstitial  days. 

2>  One  of  these  dials  has  its  name  from  the 
^hours  being  reckoned  from  sun-rising,  the  be- 
ginning of  the  Babylonian  day.  But  we  are  not 
thence  to  imagine  that  the  equal  hours,  which 
it  shews,  were  those  in  which  the  astronomers 
of  that  country  marked  their  observations. 
These,  we  know  with  certainty,  were  unequal, 
like  the  Jewish,  as  being  twelfth  parts  of  the 
natural  day :  and  an  hour  of  the  night  was^  in 
like  manner,  a  twelfth  part  of  the  night ;  longer 
or  shorter,  according  to  the  season  of  the  year. 
So  that  an  hour  of  the  day,  and  an  hour  of  the 
night,  at  the  same  place,  would  always  make 
-jij.  of .  24,  or  2  equinoctial  hours.  In  Palestine, 
among,  the  Romans,  and  in  several  other  coun- 
tries, d  of  these  unequal  nocturnal  hours  were  a 
vigUia^  or  watch.  And  the  reduction  of  equal 
and  unequal  hours  into  one  another  is  extreme- 
ly easy.  If,  for  instance,  it  is  found,  by  a  fore- 
g(^g  rule,  that  in  a  certain  latitude,  at  a  given 
time  of  the  year,  the  length  of  a  day  is  1 4  equi- 
noctial hours,  the  unequal  hours  is  then  i-i  or  ^  of 
an  hour,  that  is,  70  minutes ;  and  the  Hbctumal 
hour  is  50  minutes.  "^The  first  watch  begins  at 
VII  (sun-set) ;  the  second  at  three  times  50  mi- 
nutes after^  viz.  IX  '  30  " ;.  the  third  always 
at  midoigbt ;  the  morning  watch  at  half  an  hour 

past  n. 

If  it  were  required  to  draw  a  dial  for  shewmg 
these  unequal,  hours,  or  twelfth  parts  of  the  day, 
we  must  take  as  many  declinations  of  the  sun  as 
are  thought  necessary,  from  the  equator  toward 
each  tropic:   and  having  computed  the  sun's 

Fol.  11.  E 
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altitude  and  azimuth  for  -^y  ^tj  JL*^  parts,  &c« 
of  each  of  the  diurnal  arcs  belonging  to  the  de« 
clinations  assumed  :  by  these,  the  several  p6ints 
in  the  circles  of  declination,  where  the  shadow 
of  the  stile's  point  falls,  are  determined;  and 
curve  lines  drawn  through  the  points  of  a  ho-^^ 
mologous  division  will  be  the  hour-lines  re^ 
quired. ' 


Of  the  right  placing  of  dials j  and  having  a  true 
meridian  line  for  the  regulation  of  clocks  and 
watches.  * 

The  plane  on  which  the  dial  is  to  rest,  being 
duly  prepared,  and  every  thing  necessary  for. 


'  For  the  description  of  a  new  dial,  invented  by  Lam^ 
berty  and  of  a  curious  Analemmatic  dial,  which  can  be 
properly  placed  without  a  mariner's  needle^  or  a  meridian 
line,  and  which  can  be  drawn  in  a  garden,  the  spectator 
being  its  stile,  see  Appendix — £n. 

^  In  another  work,  when  sgeaking  upon  the  placing  of 
sun-dials,  our  author  observes,  *'  that  if  the  dial  be  made 
according  to  the  strictest  rules  of  calculation,  and  be 
truly  set  at  the  instant  when  the  sun's  centre  is  on  the 
meridian,  it  will  be  a  minute  too  fast  in  the  forenoon, 
and  a  minute  too  slow  in  the  afternoon,  by  the  shadow 
of  the  stile  ;  for  the  edge  of  the  shadow  that  shews  the . 
time  is  even  with  the  sun^s  foremost  edge  all  the  time  bc^ 
fore  noon,  and  even  with  his  hindermost  all  the  afternoon 
on  the  diaL  And  it  is  the  sun's  centre  that  determines 
the  time  in  the  supposed  hour-circles  of  the  heavens. 
And  as  the  sun  is  half  a  degree  in  breadth,  he  takes  two 
minutes  to  move  through  a  space  equal  to  his  breadth, 
so  that  there  will  be  two  minutes  at  noon  in  which  the  . 
shadow  will  have  no  motion  at  all  on  the  dial ;  conse* 
quently,  if  the  dial  be  set  tme  by  the  sun  in  the  fore* 
noon,  it  will  be  two  minutes  too  slow  in  the  afternoon } 

<  and 
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fiidng.lt,  you  may  find  the  hour  tolerably  exact    lect* 
by  2^  large  equinoctial  ring-dial,  and  set  your     ^^ 
ivatch  to  it.     And  then  the  dial  may  be  fixed  by 
the  watch  at  your  leisure. 

If  you  would  be  more  exact,  take  the  sun's 
altitude  by  a  good  quadrant,  noting  the  precise 
time  of  observation  by  a  clock  or  watch.  Then, 
compute  the  time  for  the  altitude  observed  (by 
the  rule,  page  57)^  and  set  the  watch  to  agree 
with  that  time,  according  to  the  sun.  A  Had- 
ley's  quadrant  is  very  convenient  for  this  purpose ; 
for,  by  it  you  may  take  the  angle  between  the 
sun  and  his  image,  reflected  from  a  bason  of 
water  :  the  half  of  which  angle,  subtracting  the 
refraction,  is  the  altitude  required.  This  is  best 
done  in  summer,  and  the  nearer  the  sun  is  to 
the  prime  vertical  (the  east  or  west  azimuth) 
when  the  observation  is  made,  so  much  the 
better. 

Or,  in  summer,  take  two  equal  altitudes  of 
the  sun  in  the  same  day  ;  one  any  time  between 
seven  and  ten  in  the  morning,  the  other  be*^ 
tween  two  and  five  in  the  afternoon  ;  noting  the 
moments  of  these  two  observaticms  by  a  clock 


*  Md  i^  it  be  set  true  in  the  afternoon,  it  will  be  two  ni- 

<  nutes  too  fast  in  the  forenoon.     The  only  way  that  I 

*  know'  of  to  remedy  this  is,  to  set  erery  hour  and  minute 

<  diTision  on  the  did  one  minute  nearer  1 2  than  the  cal- 

*  eolation  makes  it  to  be.  Tables  and  Tracts,  2*"  edit.  p» 
73*  These  obsenrations  are  new^  and  just  enough  in  them- 
•eWes  ;  but  the  evil  which  the  author  points  out  may  be 
remedied  by  observing  the  middle  of  the  shadow's  penum- 
bra, which  corresponds  with  the  son's  centre,  instead  of 
the  border  of  the  real  shadow ;  and  I  belteye  it  will  be 
found,  that  every  person  naturdly  does  this  when  he  de- 
.temuncs  the  hour  of  the  day  upon  a  suo-diaL— Eb. 

E  2 
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LBCT.  or  watch  :  and  if  the  watch  shews  the  obmrft- 
^^  tions  to  be  at  equal  distances  from  noon,  k 
agrees  exactly  with  the  sun  ;  if  not,  the  watch 
must  be  corrected  by  half  the  difference  of  th^ 
forenoon  and  afternoon  intervals  ;  and  then  the 
dial  may  be  set  true  by  the  watch. 

Thus,  for  example,  suppose  you  ba?e  taken 
the  sun's  altitude  when  it  was  twenty  minutes 
past  VIII  in  the  morning  by  the  watch,  and 
found,  by  observing  in  the  afternoon,  that  the 
sun  bad  the  same  altitude  ten  minutes  before 
IV,  then  it  is  plain,  that  the  watch  was'  five 
minutes  too  fast  for  the  sun :  for  five  minutes 
after  XII  is  the  middle  time  between  Vni  ^ 
20  ^  in  the  morning,  and  III  ^  50  *  in  the 
afternoon ;  and  therefore,  to  make  the  wat^ 
agree  with  the  sun,  it  must  be  set  back  five 
minutes.  * 
A  rnenJiM  A  good  meridian  line^  for  regulating  clocks  or 
''"'  watches,  may  be  had  by  the  following  method. 
Make  a  round  hole,  almost  a  quarter  of  an 
inch  diameter,  in  a  thin  plate  of  metal ;  and  fix 
the  plate  in  the  top  of  a  south  window,  in  such 
a  manner,  that  it  may  recline  from  the  zenith 
at  an  angle  equal  to  the  co-latitude  of  your 
place,  as  nearly  as  you  can  guess ;  for  then  the 


'  The  above  method  of  finding  the  hour  of  tfa^  day  by 
correspoBding  altitudes  of  the  sua  or  stars,  is  the  easiett 
auid  most  correct  that  can  be  employed.  Owing,  hovr- 
«Ter,  to  the  chaoore  that  takes  {dace  in  the  snn'a  decliai^ 
tioii  before  the  afternoon  altitude  is  taken,  it  is  liable  to 
an  errer^  whicht  at  a  maximum,  amounta  to  30^  in  the 
time  of  the  equinoxes.  A  table  containing  this  eoo 
rection,  which  depends  upon  the  intenral  between  the  alti* 
tndes,  and  upon  the  dedination  of  the  sun,  may  be  seen 
in  the  Astronomie  de  k-  Lande,  edit.  3  \  torn,  i,  TabkSi 
p*  37,  and  in  the  Tables  de  Berlin,  torn,  i,  p.  2gi. 
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plate  will  face  the  sun  directly  at  noon  on  the  LKCt 
equinoctial  days*  Let  the  sun  shine  freely  ^^' 
tlu*ough  the  hole  into  the  room;  and  hasg  a 
plumb-line  to  the  ceiling  of  the  room,  at  least 
five  or  six  feet  from  the  window,  in  such  a  place 
as  that  the  sun's  raySj  transmitted  through  the 
hole,  may  fall  upon  the  line  when  it  is  noon  by 
the  clock;  and  having  marked  the  said  place 
oa  the  ceiling,  take  away  the  line. 

Having  adjusted  a  sliding  bar  to  a  dove-tail 
groove,  in  a  piece  of  wood  about  eighteen  inches 
long,  and  fixed  a  hook  in  the  middle  of  the  bar, 
naoTthe  wood  to  the  above-mentioned  place  on 
the  ceiling,  parallel  to  the  side  of  the  room  in 
which  the  window  is ;  the  groove  and  bar  be- 
ing toward  the  window.  Then  hang  the  plumb- 
Ime  upon  the  hook  of  the  bar,  the  weight  or 
plummit  reaching  almost  to  the  floor ;  and  the 
whole  will  be  prepared  for  fitrther  and  proper 
adjustment* 

This  done,  find  the  true  solar  time  by  either 
of  the  two  last  methods,  and  thereby  regulate 
your  clock.  Then,  at  the  moment  of  next  noon 
Dy  the  clock,  when  the  sun  shin^,  move  the 
suding  bar  in  the  groove  until  the  shadow  of  the 
plumb-line  bisects  the  image  of  the  sun  (made 
by  his  rays  transmitted  through  the  hole)  on 
the  floor,  wall,  or  on  a  white  screen  placed  on 
the  north  side  of  the  line;  the  plummet  or 
weight  at  the  end  of  the  line  hanging  freely  in 
a  pail  of  water  placed  below  it  on  the  floor. 
But  because  this  may  not  be  quite  correct  for  the 
first  time,  on  account  that  the  plummet  will  not 
settle  immediately,  even  in  water ;  it  may  be 
farther  corrected  on  the  following  days,  by  the 
above  method,  with  the  sun  and  clock,  and  so 
brought  to  a  very  great  exactness. 

E  3 
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^xf^'  iVl  B.  The  rays  transmitted  through  the  hole 
will  cast  but  a  faint  image  of  the  sun,  even  on 
a  M^hite  screen,  unless  the  room  be  so  darkened 
that  no  sun-shine  may  be  allowed  to  enter  but 
what  comes  through  the  small  hole  in  the  plate* 
And  always,  for  some  time  before  the  observa- 
tion is  made,  the  plummet  ought  to  be  immers- 
ed in  a  jar  of  water,  where  it  may  hang  freely  ; 
by  which  means  the  line  wilt  soon  become 
steady,  which  otherwise  would  be  apt  to  con- 
tinue swinging. 

As  this  meridian  line  will  not  only  be  suf- 
ficient for  regulating  clocks  and  watches  to  the 
true  time  by  equation  tables,  but  also  for  most 
astronomical  purposes,  I  shall  say  nothing  of 
the  magnificent  and  expensive  meridian  lines  9t 
Bologna  and  Rome,  nor  of  the  better  niehods 
by  which  astronomers  observe  precisely  the  tran- 
sits of  the  heavenly  bodies  over  the  meridian.* 


"^  For  farther  information  upon  dialing,  the  reader  may 
consult  Orontii  Finei  opera,  Fol.  hl>.  jii. — De  horologiis 
Sciothericis  a  Joanne  Voello,  Turoni  ]608. — ^Horologio- 
graphia  per  Sebastianuro,  Munsterum  1533. — Christ.  Clavii 
Bambergensis  horologiorum  nova  dcscriptio. — Demonstnu 
tio  et  con  struct  io  horologiorum  novorum,  auctore  Georgio 
Schombergero. — Gnomonice  Schoner  qto. — Wolfii  opcr. 
Mathcmat.  tom.  ii,  p.  JSJy  Ferguson's  Select  Exercises, 
Leyboum's  Dialing,  Leadbetter's  DiaHng,  and  an  excel- 
lent treatise  by  the  celebrated  Deparcieux,  published  at 
the  end  of*  his  Traiie  de  Trigonometrie  ieciiUgne  et  efherigw. 
This  subject  is  treated  more  profoundly  by  M.  Sejour,  in 
his  Recherches  sur  la  Gfwmonlque^  l/^l*  and  in  his  Traite 
jinaljtique,  tom.  i,  p,  705. 


LECTURE  XU- 


SHEWING  HQW  TO  CALCULATE  THE  MEAN  TIME 
OF  ANY  NEW  OR  FULL  MOON,  OR  ECLIPSE, 
FROM  THE  CREATION  OF  THE  WORLD  TO  THE 
YEAR  OF  CHRIST  5800. 

In  the  following  tables,   the  mean  lunation  is   i-ect. 
about  a  20'**  part  of  a  second  of  time  longer ,    ^"'    . 
than  its  measure,  as  now  printed  in  the  last  edi-  . 

don  of  my  Astronomy  ;  which  makes  the  differ-  ©f  new  and 
ence  of  a  hour  and  thirty  minutes  in  3000  years.  ^^^  mooat. 
— But.  this  is  not  material,  when  only  the  mean 
times  are  required. 

PRECEPTS. 

7(9 ^wrf  the  mean  time  of  any  New  or  Full  Moon 
in  any  given  year  and  month  after  the  Chris- 
tian (era. 

1.  If  the  given  year  be  found  in  the  third 
column  of  the  table  of  Oue  moovCs  mean  motion 
from  the  sun^  under  the  title,  years  before  and 
afier  Christ ;  write  out  that  year,  with  the  mean 
motions  belonging  to  it,  and  thereto  join  the 
given  month  with  its  mean  motions.  But,  if  the 
given  year  be  not  in  the  table,  take  out  the  next 
lesser  one  to  it  that  you  find,  in  the  same  column ; 
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LECT.   and  thereto  add  as  many  complete  years ^  as  vdH 
*"•     make  up  the  given  year  :  then,  join  the  month 
and  all  the  respective  mean  motions. 

2.  Collect  these  mean  motions  into  one  sum 
of  signs,  degrees,  minutes,  and  seconds  j  re- 
membering that  60  seconds  (")  make  a  minute, 
60  minutes  Q  a  degree  ;  30  degrees  (^)  a  sign, 
and  12  signs  (*)  a  circk\  When  the  signs  ex- 
ceed 12,  or  24,  or  S6  (which  are  whole  circles), 
reject  them,  and  set  down  only  the  remainder ; 
wnich,  together  with  the  odd  degrees,  minutes, 
and  seconds,  already  set  down,  must  be  reckon- 
ed the  whole  sum  of  the  collection. 

8.  Subtract  the  result,  or  sum  of  this  collec- 
tion, from  1 2  signs ;  and  write  down  the  r^ 
msunder.  I'hen  look  in  the  table  under  4ay^^ 
for  the  next  less  mean  motions  to  this  remainder, 
and  subtract  them  from  it,  writing  down  their 
remainder. 

This  done,  look  in  the  table  under  Aot/r^  (mark- 
ed H)  for  the  next  less  mean  motions  to  this  last 
remainder,  and  subtract  them  from  it,  writing 
down  their  remainder. 

Then  look  in  the  table  under  minutes  (mark- 
ed M)  for  the  next  less  mean  motions  to  this 
remainder,  and  subtract  them  from  it,  writing 
down  their  remainder. 

Lastly,  look  in  the  table  under  seconds  (mark- 
ed S)  for  the  next  less  mean  motion  to  this  re- 
mainder, either  greater  or  less ;  and  against  it 
you  have  the  seconds  answering  thereto. 

4.  And  these  times  collected,  will  giye  the 
mean  time  of  the  required  new  moon;  which  will 
be  right  in  cpmrnoo  yegrs ;  and  also  in  January 
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and  February  in  leap  years  }  but  always  one  day   LSCt« 
too  late  in  leap  years  after  February.  ^^' 


£XAMPL£  I. 

Required  the  time  pfnew  moon  in  September  1 764.^ 

(A  year  oot  imerted  in  the  table.) 

.  Jdooa  from  ;niiu 


%     •    '     " 


To  tlie  year  after  CbriitV  birtli  17^3       10    9  2^  516 
Add  conyilete  y w» U        0  JO  14  90 

(sum  1764) 
And  join  September 2  22  21     8 

The  sum  of  these  mean  motions  is....    I  12    024 
Which|beijugsubtracte(lfromacircle,or  12    0    0    0 

Leaves  remaining 10  27  ^  ^ 

Next  less  mean  viotion  for  twenty-six 
days,  subtract 10  16  57  34 


^■^" 


And  there  remains 12    S 

Next  less  mean  motion  fi>r  two  hours, 

subtract... 1    0  57 

And  the  remainder  will  be. 1    b 

Next  less  mean  motion  for  two  minutes, 

subtract 1     I 

Remains  the  mean  motion  bf  twelve  se- 
conds,          *  4 

These  times,  being  coliectedy  weuld  shew  the 
mean  time  of  the  required  new  moon  in  Septem* 
ber  1764,  to  be  <mi  the  29*^  day,  at  2*  2*  12  * 
nast  noon.  But,  as  it  is  ii>  a  leap  year,  and  after 
February,  the  time  is  one  day  too  late*  So,  the 
true  mean  time  is  September  the  25^,  at  2"  12* 
past  n  in  the  afternoon. 


i 
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LECT.       N.  B.  The  tables  always  begin  the  day  at  noon^ 
^"'     and  reckon  thenceforward,  to  the  noon  of  the 
day  following. 

To  find  the  mean  time  of  full  moon  in  any  given 
year  and  month  qfler  the  Christian  {era. 

Having  collected  the  moon's  mean  motion 
from  the  sun  for  the  beginning  of  the  given  year 
and  month,  and  subtracted  their  sum  from  twelve 
signs  (as  in  the  former  example),  add  six  signs  to 
the  remainder,  and  then  proceed  in  all  respects 
as  above. 

EXAMPLE  II* 

Required  the  mean  time  of  full  moon  in  September  1 764  ? 

Moon  from  son. 

to'" 

To  the  year  after  Christ's  birth  1753       10    9  24  56 

Add  complete  years 11         0  10  14  SO 

(sum  17()4) 
And  join  September 2  22  21     8 

The  sum  of  these  mean  motions  is 112    0  24 

Which,  being  subtracted  from  a  circle,  or  12    0    0    0 


M 


Leaves  remaining 10  17  59  36 

To  which  remainder  add 6    0    0    0 

And  the  sura  will  be 4  17  59  36 

JNext  less  mean  motion  for  eleven  days, 

subtract 4  14    5  54 

And  there  remains 3  53  42 

Next  less  mean  motion  for  seven  hours, 

subtract 3  S3  SO 

And  the  remainder  will  be 202S 

Next  less  mean  motion  for  forty  minutes, 

s'ubtract 20  19 

Remains  the  mean  motion  for  eight  seconds  3 
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So,  the  mean  time,  according  to  the  tables,  is   ^hct. 
the  1 1'^  of  September,  at  7  •"  40°*  8  *  past  noon,     ^'^ 
One  day  too  late,  being  after  Februs^ry  in  a  leap 
year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found,  in  any  year  after  the  Chris- 
dan  asnu 


To  find  the  mean  time  of  new  orJuUmoon  in  out/ 
given  year  and  month  before  the  Christian  cera. 

Jf  the  given  year  before  the  year  of  Christ  1 
be  found  m  the  third  column  of  the  table,  under 
the  title  of  years  before  and  after  Christy  write 
it  out,  together  with  the  given  month,  and  join 
the  mean  motions*  But,  if  the  given  year  be 
not  in  the  table,  take  out  the  next  greater  one 
to  it  that  you  find ;  which  being  still  farther  back 
than  the  given  year,  add  as  many  complete  years 
to  it  as  will  bring  the  time  forward  to  the  given 
year ;  then  join  the  month,  and  proceed  i|i  all 
j;espects  as  above. 

EXAMPLE  III. 

Reqidred  the  mean  time  of  new  moon  in  May^  the 

year  before  Christ  SS5  ? 

The  next  greater  year  in  the  table  is  600 ; 
yt\xix}i  Ijeing  1 5  years  before  the  given  year,  add 
the  mean  motions  for  j  5  years  to  those  of  600, 
together  with  those  for  the  beginning  of  May. 


I 
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Moon  horn  nuu 

LIGT.  To  the  year  before  Christ  600 5  II    6  16 

^''     Add  complete  years  motion  15 -6    0  55  84 

^       And  the  mean  motion  for  May 0  22  53  28 

The  whole  sum  is.... ..^ 0    4  55    3 

Which,  beingsubtracted  from  a  circle, or  IS    0    0    0 

Leaves  remaining 11  25    4  57 

Next  less  mean  motion  for  twenty- nine 
days,  subtract 11  93  31  54 


1*MM 


And  there  remains 1  S3    3 

Next  less  mean  motion  for  three  hours, 
subtract 1  31  96 

And  the  remainder  will  be 137 

Next  less  mean  motion  for  three  minutes, 
subtract 1  31 

Remains  the  mean  motion  of  fourteen 
seconds, 6 

So  the  mean  time,  by  the  tables,  was  the  29^ 
of  May  at  3^  3"  14*  past  noon :  a  day  later 
than  the  truth,  on  account  of  its  being  in  a  leap 
year.  For  as  the  year  of  Christ  1  was  the  first 
after  a  leap  year,  the  year  585  before  the  year  1 
was  a  leap  year  of  course. 

If  the  given  year  be  after  the  Christian  ssnl 
divide  its  date  by  4,  and  if  nothing  remains,  it 
is  a  leap  year  in  the  old  stile.  But  if  the  given 
year  was  before  the  Christian  aera  (or  year  of 
Christ  I ),  subtract  one  from  its  date,  and  divide 
the  remainder  by  4 ;  then,  if  nothing  remains, 
it  was  a  leap  year ;  other^^ise  not. 
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Tofindwheiher  the  sun  is  eclipsed  at  the  time  of  any 
given  change y  or  the  moon  at  any  given  fdl. 

From  the  table  of  the  sun's  mean  Tnotion  (or  UCT. 
distance) /ram  the  moon's  ascending  node^  collect .  ^ 

the  mean  modoos  answering  to  the  given  time ;  otsO^m. 
and  if  the  result  shews  the  sun  to  be  within  1 8^ 
of  either  of  the  nodes  at  the  time  of  new  moon^ 
the  sun  will  be  eclipsed  at  that  time.  Or^  if  the 
result  shews  the  time  to  be  within  12^  of  either 
of  the  nodes  at  the  time  of  full  moon,  the  mooa 
will  be  eclipsed  at  that  dme,  in  or  near  the  con- 
trary node }  otherwise  not. 

EXAMPLE  iv. 

The  moon  changed  on  the  26^  of  September  1764, 
a/  2  ^  2 "  {neglecting  the  seamds)  afternoon. 
(See  Eitample  I).  Qu.  Whether  the  sun  was 
eclipsed  at  that  time  f 

Sun  from  node. 

To  the  j€ar  after  Christ's  Urth  1753        1  S8    0  19 
Add  coiuplele  yean 11        7    S    3  56 

(sum  1764) 

fSeptetobcr 8  12  22  49 

.    ,J      26day8 27    0  13 

^^^S       2hours 5  12 

y^      2minute8 ....^  5 

Sun's  distance  from  the  ascending  node    6    9  32  34 

Now,  as  the  descending  node  is  just  opposite 
to  the  ascending  (viz.  six  signs  distant  from  it), 
and  the  tables  shew  only  how  far  the  sun  has 
gone  irom  the  ascending  node,  which,  by  this 
example,  appears  to  be  6'  9^  SS'  SV',  it  is 
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I.ECT.    plain  that  he  must  haye  then  been  eclipsed ;  a^ 
^"'      he  was  then  only  9^  32'  34"  short  of  the  de^ 
cending  node. 


EXAMPLE  V. 


The  moon  wasfvil  on  the  1 1**  of  September  176*, 
at  7*  40*  past  noon.  (See  Example  II.) 
Qu.  ff^kether  she  was  eclipsed  at  that  time  ? 

Sun  from  node, 
so       '    ff 

To  Uie  year  after  Christ's  birth  1758         1  S8    0  19 
Add  complete  years 11         7    2    3  56 

(sum  1764) 

{September 8  12  22  49 

lldays, 11  25  29 

7ho'iii4 18  11 

40minute8 1  44 


I  ill    * 


Sun^s  distance  from  the  ascending  node     5  24  12  28 

Which  being  subtracted  from  six  signs,  leaves 
only  5°  47'  32''  remaining ;  and  this  being  aH 
the  space  that  the  sun  was  short  of  the  descend-^ 
ing  node,  it  is  plain  that  the  moon  must  then 
have  been  eclipsed,  because  she  was  just  as  near 
the  contrary  node. 
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EXAMPLE  VI. 

Q.  Whether  the  sun  was  eclipsed  in  May^  tJie  year 
before  Christ  585  ?     (See  Example  111.) 

Sun  firom  node. 
•iri      so./// 

To  the  year  before  Christ  600 9  9  23  51    "crr. 

Add  the  mean  motion  of  15  complete  years  9  19  27  49^"- 

May 4  4  37  57^      ^""^ 

29days.. 1  0    7  10 

And^        3hour8...s. 7  48 

3  minutes  (neglecting  the  se- 
conds)    8 

Sun^s  distance  from  the  ascending  node    0    3  44  43 

Which  being  less  than  18^,  shews  that  the  sun 
was  eclipsed  at  that  time. 

This  eclipse  was  foretold  by  Thales,  and  is  Thaict't 
thought  to  be  the  eclipse  which  put  an  end  to  *^P*- 
the  war  between  the  Medes  and  Lydians. 

The  times  of  the  sun^s  conjunction  with  /AeWhen 
nodes^  and  consequently  the  eclipse  months  of^*^^**^ 
ally  given  year,  are  easily  found  by  the  Tables 
of  the  sun^s  mean  motion  from  the  moon*s  ascend* 
ing  node ;  and  much  in  the  same  way  as  the 
mean  conjunctions  of  the  sun  and  moon  are 
found  by  the  table  of  the  moon's  mean  motions 
from  the  sun.  For,  collect  the  sun's  mean  mo- 
tion from  the  node  (which  is  the  same  as  his 
distance  gone  from  it)  for  the  beginning  of  any 

g'ven  year^  and  subtract  it  from  12  signs  ;  then, 
om  the  remainder,  subtract  the  next  less  mean 
motions  belonging  to  whatever  month  you  find 
them  in  the  table ;  and  from  the  remainder  sub- 
tract the  next  less  mean  motion  for  daysy  and  so 
on  for  hours  and  minutes  ;  the  result  of  all  which 
will  shew  the  time  of  the  sun's  mean  conjunction- 
with  the  ascending  node  of  the  moon's  orlnt. 
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Required  the  time  of  the  surCs  conjunction  with 
the  ascending  node  in  the  year  1 764  ? 

Sua  ftfxa  nodew 
so       /    ^ 

LECT    To  the  yeax  after  Christ's  birth  1753  1  S8    0  19 

X1L     Add  complete  years 11  7    S    3  56 

— V— ^  

JMean  distance  at  beginning  of 

A-n. I764_  9    0    4  15 

Subtract  this  distance  from  a  circlci  or  IS    0    0    0 

And  there  remaias 2  29  55  45 

Next  kss  mean  motion  for  Maick^  sub> 
tract *    116  39 

And  the  remainder  vin  be 88  39    6 

Next  less  mean  motion  for  S7  days,  sub- 
liact 28    8  38 

And  there  itmaias. 36    34 

Next  las  mean  motion  for  14  hour&sub- 
tract 36  81 

Remains,  nearly,  the  mean  motion  of  5 
minutes 15 

Hence  it  appears,  that  the  sun  will  pass  by 
the  moon's  ascending  node  on  the  7,T^  of  March, 
at  14*  5*  past  noon,  viz.  on  the  28*^  day,  at 
b^  past  il  in  the  morning,  accorcfing  to  the  tables; 
bat  this  being  in  a  leap  year,  and  after  FelH'uary, 
the  time  is  one  day  too  late.  Consequently,  the 
true  time  is  at  5"  past  II  in  the  morning  on 
the  8?^  day  ;  at  wtuch  time  the  descending  node 
will  be  directly  of^site  to  the  sun. 

If  6  signs  be  added  to  the  remainder  arising 
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from  the  first  subtraction,  (viz.  from  12  signs)   lsct« 
and  then  the  work  carried  on  as  in  the  last     ^'^ 
example,  the  result  will  give  the  mean  time  of 
the  sun's  conjunction  with  the  descending  node* 
Thus,  in 

XXAMPLE  VIII; 

^ojind  when  the  sun  will  be  in  conjunction  with 
the  descending  node  in  the  year  1764  ? 

San  from  node, 
to      '    // 

Tfo  the  year  after  Christ's  birth  1753         1  28    0  19 
Add  complete  years  . ;. 11         7    2    3  56 

Mean  distance  irooi  ascending 

node  at  banning  of .1764        9    0    4  15 

Subtract  this  distance  from  a  circle,  or,  12    0    0    0 

And  the  remainder  win  be, S  29  55  45 

Towhich  add  half  a  circle,  or.  ^ 6    0    0    0 

And  the  sum  will  b^. 8  29  55  45 

Next  less  mean  motion  for  September  sub- 
tracted   8  12  22  49 

And  there  remains 17  32  56 

Next  less  mean  motion  for  16  days  sub- 
tracted  ^ 16  37    4 

And  the  reihainder  will  be 55  52 

Next  less  mean  motidli  for  21  hours  sub^ 
tracted '  54  32 

Remains,  nearly,  ttie  mean  motion  of  31 
minutes ^.....  1  90 

So  that,  according  to  the  tables,  the  sun  will 
be  in  conjunction  with  the  descending  node  on 
the  16""  of  September,  at  21  hours  SI  minutes 

VoU  IL  F 
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tJ^.   past  noon :  one  day  later  than  the  truth,  on  ao 

.    r"'  .  count  of  the  leap-year. 

Theiimiu      ^^^u  the  moon  changes  within  18  days  be- 

^ttUfiet.  fore  or  after  the  sun's  conjunction  with  either  of 
the  nodes,  the  sun  will  be  eclipsed  at  that  change : 
and  when  the  moon  is  full  within  1 2  days  before 
or  after  the  time  of  the  sun's  conjunction  with 
either  of  the  nodes^  she  will  be  eclipsed  at  the 
full :  otherwise  not. 

2*U^P^       If  to  the  mean  time  of  any  eclipse,  either  of  the 

^^ittrtionr*sun  or  moon,  we  add  557  Julian  years  21  days 

18  hours  11  minutes  and  51  seconds  (in  which 

there  are  exactly  6890  mean  lunations)  we  shall 

have  the  mean  time  of  another  eclipse.  ^    For  at 


^ 


'  Dr.  Hal  ley's  period  of  eclipses  contains  only  18 
years  1 1  days  7  hours  43  minutes  20  seconds ;  in  which 
time,  according  to  his  tables,  there  are  just  223  mean  lu« 
nations  t  but,  as  in  that  time,  the  sun's  mean  motion  from 
the  node  is  no  more  than  IT  2g^  31' 49^',  which  wants 
28^  11''  of  being  as  nearly  in  conjunction  with  the  same 
node  at  the  end  of  the  penod  as  it  was  at  the  beginning, 
this  period  cannot  be  of  constant  duration  for  finding  eclips- 
es, because  it  will  in  time  Call  quite  without  their  limits. 
The  following  tables  make  this  period  3 1''  shorter,  as  ap- 
pears by  the  calculation  annexed.* 

The  period  Moon  from  the  no.      Sun  from  node. 

G)mplete  years, 18— 7  11  59    4—11   17  46  IB 

i  ■   days 11-^14     5  54— »       1125  29 

hours 7—       3  33  20—  18  11 

■   *  minutes.. 42 —  2120 —  149 

■  seconds 44—  22—  3 


Mean  motions — O    0    O    0—11  29  31  49 

^  By  coBpsdM  from  the  scW  BoUr  taUet  of  De  L4unbre,  sad 
the  loDtr  taUes  of  Kfiyer,  as  liB|irovcd  by  Maaon,  thU  ibort  period 
of  eciipies,  which  is  gtnerally  called  the  period  of  Plinj,  or  the 
Chaldaic  period,  will  saM>iint  only  to  iS  years  xz  days  7  hitvs 
4%  nutates  and  3XjeooQds|  and  the  nui's  distance  from  the  moan's 
nodetoftS'zo'. 
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the  end  of  that  time  the  moon  'will  be  either  iscr. 
new  or  full,  according  as  we  add  it  to  the  time  ^   ^'^ 
of  new  or  fiill  moon ;  and  the  sun  will  be  oqly ' 
45"  farther  from  the  same  i)ode,  at  the  end  of 
the  said  time,  than  he  was  at  the  beginning  of 
it ;  as  appears  by  the  following  example.  ^ 

The  period.  Moon  from  sun.      San  from  node* 

so        '    ff        so       /    // 

{500—3  5  32  47—10  14  45    8 

40—8  86  50  37—  1  23  58  49 

17-^  2  21  39—10  28  40  55 

days 21-^  16    0  21—      21  48  38 

hours 18—  9    8  35               46  44 

minutes. ...  11—  5  35—                  29 

seconds 51  26 —                   2 


Mean  motions       — OOttO— 000  45 

And  this  period  is  so.yery  near^  that  in  6000 
years  it  will  vary  no  more  from  the  truth  as  to 
the  restitution  of  eclipses^  than  8^^  minutes  of  a 
degree ;  which  may  be  reckoned  next  to  i^othing. 
It  is  the  shortest  in  which,  after  many  trials,  I 
can  find  so  near  a  conjunction  of  the  8un,  moon, 
and  the  same  node. 


onl 


The  period  here  mentioned  by  Mr.  f  erguaqp  ai^owts 
ly  to  557  yean  21  days  18  houn  4  ini»ntn  47  fccondt  i 
d  the  8ttn*8  diatance  b»m  the  moon's  node  it  fvlly  1'  41''. 


an 
—Ed. 


F  2 
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LBcr.       Tlus  table  is  made  by  the  continual  addidoll 

.,,^'''      of  a  mean  lunation,  viz.  Sp"*  12^  44"  S'  6""  1^ 

'       14*  24'*  a^. 


400 
500 
1000 
2000 
JOOD 
4000 
5000 
JOOOO 
20000 
30000 
40000 
50000 
100000 


59  I  28  6  13 

)  8S  14  12  Q   ig 

lie  2  56  12  23 

■  147  15  40  15  32 
177  4  24  18  38 
206  17  8  21  44 


295     7  20  31      3 
590  14  41      2     7 


In  lOuoOO  mean  luna 
tians  there  are  8085  Ju- 
lian years  12  dayi  21  hours 
36  iiJTnutea  30  seconds 
2953059  days  3  hours  36 

inutes  30  seconds. 
Proof  of  ih  Tal'If. 


1470  1 

2953 

5906 

8839 


I  33  1 
I  4  14 
t  35  16 
!   10  35 


S12     5  40  42  22 

52  57 
45  54 
31   48 


14756 
29530 


f    3  36 
3  49  30 


116122 

147652 

2953OJ 

590611 

8859 J 7 
1181223 
1476529  13  48  15     0 
2953059 


In 


If 

Days 


Moon  fr.  s 

1  14  22  12 
1   14  22 
5  23  41 
10     O  IS 
4  2fl   17  20 
10  40 


Hnving   by   the   former 
precepts     computed    thi 
ran  time  of  new  mooi 
January,  for  any  given 
ar,  it  is  easy,  bjr  this  Ta- 
ble, to  find  tlie  mean  lime 
of  new  moon  inJanuaryfor 
any  number  of  years  after- 
wards :  and  by  means 
imalt  table  of  lunatior 
12  or  13  months,  to  make 
I  general  table  foi  titiding 
the  mean  time  of  ne 


fiillrr 


nanyg 


and  month  wliatever. 


]□  12  lunations 354    8  48  37  I6. 

In  13  lunationn 383  21   32  40  23. 

But  then  it  would  be  best  to  begin  the  year  witli  March, 
oid  the  inconvenience  of  losing  a  day  by  mistake  Id 
leap  year. 


A  Table  of  the  Moon's  mean  Motion  from  the 
Sun. 


XtIT, 

l-cin 

Vtvtbt- 

Vloan  from  lun 

Com- 

Moon from  .un. 

>f  :hc 

jfihc 

ore  and  »f- 

plete 

luliia 

World 

=.  Christ. 

ytitu 

p«Jod. 

706 

0 

4O08 

5   28      1    17 

11 

0   10  14  20 

?14 

8 

4000 

5     9  23   24 

12 

5     2     3   II 

1714 

1008 

3000 

11   20  28  57 

13 

9   11   40  33 

2714 

2008 

J    2000 

6     1  34  30 

14 

1   21   IS     0 

3714 

3008 

-    lOU) 

0  12  40     3 

13 

6     0  55  24 

3814 

3108 

!a     9* 

10  19  46  36 

16 

10  22  44   15 

■3914 

3203 

0      80C 

8   26   53      9 

17 

3     2  21   39 

4014 

3308 

■^      ?00 

7     3  5C,  43 

18 

7   11-59    4 

4114 

3408 

s    eoo 

5  11     6  It 

19 

11  21  36  27 

4214 

3S08 

^      500 

„     4oq 

3   18   13  4g 

20 

4   13  25  jg 

4314 

3608 

1   25   19  23 

40 

8  ii6  50  37 

4414 

37O8 

■S      30C 

0     2  25  5( 

60 

1    10  15  5G 

4314 

3808 

E     200 

10     9  32  29 

80 

3  23  41    13 

4614 

39O8 

1  "'" 

8   16  39     3 

100 

10     7     e  33 

4714 

4008 

6  23  43  36 

200 

8   14   13     7 

4614 

4ioe 

1       101 

3     0  52     9 

300 

6  21    19  40 

4914 

4208 

fe     2UI 

3     7  58  43 

400 

4  26  26   13 

3014 

4308 

S     301 

1    15     3    16 

500 

3     5  32  47 

^114 

4406 

0     401 

11  22  11  4g 

1000 

6  11     3  33 

5214 

3508 

§:  501 

9  29   18  23 

2000 

0  22  11     q 

3714 

5008 

s  1001 

1     4  51     9 

3000 

7    3  16  31 

6414 
6466 

5703 
5760 

1701 

1753 

0  24  37     2 
10     <)  24  5( 

4000 

1    14  22   12 

Mon.h. 

Mood  from  fuiu 

6514 

3H08 

1801 

e   5  26  15 

.0       ,      -^ 

Compete 

Moo«  from  tun 

Jan. 
I'eb. 

Mar. 

0    0    0    ( 
0  17  54  41 
11   29   15   16 

■5^      1 

4     0  37  24 

*  g        3 
■3  J        4 

4   19   14     8 

April 

0   17   1"     3 

0  28  52   13 
5  20  41      4 

,ti 

0  23  53  23 

1  10  40   ll 

SSS!   7 

10     0  13  2& 

July 
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;  A  Table  of  the  Moon^s  mean  motion  from  the 

Sun. 
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8  7  38 
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9  8  35 
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11  10  30 
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32 
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36 
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45 
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59 
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16  45  44 

17  16  13 

17  46  42 

18  17  10 

18  47  39 
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20  49  33 

21  20  2 

21  50  31 
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22  51  28 

23  21  56 
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34  22  54 
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25  23  51 
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26  24  48 
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29  27  40 
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30  28  37 


1  Lnnation  =:  29'  12"  44"  3'  6^  2V'  lA'  24  '  O^" 


In  leap  years,  after  February,  a  daj  and  its  motion  miut 

be  added  to  the  time  for  which  the  moon's  mean  distance 

firom  the  sun  is  given.    But  when  the  mean  time  of  any 

new  or  full  moon  is  required  in  leap  year  after  Februaiy.  a 

',  day  most  be  subtracted  from  the  mean  timethereof,as  founci 

\by  the  tables.    In  common  years  they  give  the  day  right. 


A  Table  of  the  Sim's  mean  Motion  Jrxm  the 
Moon's  ascending  node. 
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A  Table  of  the  Sun^s  mean  Motion  from  the 
Moon*s  Ascending  Node. 
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In  leap  years,  after  February,  add  one  day  and  one 
day's  motion  to  the  time  at  which  the  sun*8  mean  dis- 
^ce  from  the  ascending  node  is  required. 
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A  SUPPLEMENT 


TO   THE 


PRECEDING  LECTURES, 


BY  THE  AUTHOR. 


MECHANICS. 

The  Description-  of  a  new  and  safe  Crane j  which 
has  four  different  powers^  adapted  to  different 
weightsJ 


crane* 


1  HE  common  crane  consists  only  of  a  large  i>e«ripti«i 
wheel  and  axle  ;  and  the  rope,  by  which  goods  ^  *  "*^ 
are  drawn  up  from  ships,  or  let  down  from 
the  quay  to  them,  winds  or  coils  round  the 
axle,  as  the  axle  is  turned  by  men  walking  in 
the  wheel.     But,  as  these  engines  have  nothing 


*  Our  author  received  a,  reward  of  fifty  pounds  for  the 
invention  of  this  crane,  from  the  Society  for  the  encourage* 
pent  of  Arts  ;  and  a  description  of  it  was  honoured  with 
9,  place  among  the  Transactions  of  the  Royal  Society  of 
liondoDy  see  voL  zlv,  p.  42.*— £b. 
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to  Stop  the  weight  from  nmninfi^  down^  if  anj 
of  the  men  happen  to  trip  or  faU  in  the  wheel, 
the  weight  descends,  and  turns  the  wheel  rapid- 
ly backward,  and  tosses  the  men  violently  about 
within  it ;  which  has  produced  melancholy  in* 
stances,  not  only  of  limbs  broke,  but  even  of 
lives  lost,  by  the  ill-judged  construction  of  cranes. 
And  besides,  they  have  but  one  power  for  all 
sorts  of  weights ;  so  that  they  generally  spend  as 
much  time  in  raising  a  small  weight  as  in  taising 
a  great  one. 

These  imperfections  and  dangers  induced  me 
to  think  of  a  method  for  remedying  them.  And 
for  that  purpose,  I  contrived  a  crane  with  a  pro- 
per stop  to  prevent  the  danger,  and  with  differ- 
ent  powers  suited  to  different  weights ;  so  that 
there  might  be  as  litde  loss  of  time  as  possible : 
and  also,  that  when  heavy  goods  are  let  down 
into  ships,  the  descent  may  be  regular  and  deli- 
berate. 

This  crane  has  four  different  powers :  and,  I 
believe,  it  might  be  built  in  a  room  eight  feet 
in  width :  the  gib  being  on  the  outside  of  the 
room. 

Three  trundles,  with  different  numbers  of 
staves,  are  applied  to  the  cogs  of  a  horizontal 
wheel  with  an  upright  axle ;  and  the  rope  that 
draws  up  the  weight  coils  round  the  axle.  The 
wheel  has  ninety-six  cogs,  the  largest  trundle 
twenty-four  staves,  the  next  largest  has  twelve, 
and  the  smallest  has  six.  So  that  the  largest 
trundle  makes  four  revolutions  for  one  revolu- 
tion of  the  wheel :  the  next  makes  eight,  and 
the  smzdlest  makes  sixteen.  A  winch  is  occa- 
sionally put  upon  the  axis  of  either  of  these 
trundles,  for  turning  it ;  the  trundle  being  then 
used  that  gives  a  power  best  suited  to  the  weight : 
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and  the  handle  of  the  winch  describes  a  circle  in 
every  revolution  equal  to  twice  the  circumfer- 
ence  of  the  axle  of  the  wheel.  So  that  the  length 
of  the  winch  doubles  the  power  gained  by  each 
trundle. 

As  the  power  gained  by  any  machine,  or  en- 
gine whatever,  is,  in  direct  proportion,  as  the 
vdocity  of  the  power  is  to  tne  velocity  of  the 
weight ;  the  powers  of  this  crane  ^e  easily  esti- 
mated, and  they  are  as  follows. — 

If  the  winch  foe  put  upon  the  axle  of  the  larg- 
est  trundle,  and  turned  four  times  round,  the 
wheel  and  axle  will  be  turned  once  roimd  :  and ' 
the  circle  described  by  the  power  that  txuns  the 
winch,  being,  in  each  revolution,  double  the  cir- 
cumference of  the  axle,  when  the  thickness  of 
the  rope  is  added  thereto ;  the  power  goes  through 
eight  times  as  much  ^ace  as  the  weight  rises 
tnrough :  and  therefore  (making  some  allowance 
for  friction)  a  man  will  raise  dght  times  as  much 
weight  by  the  crane  as  he  would  by  his  natural 
strength  without  it :  the  power,  in  this  case,  be- 
ing as  eight  to  one. 

If  the  winch  be  put  upon  the  axis  of  the  next 
trundle,  the  power  will  be  as  sixteen  to  one,  be- 
cause it  moves  sixteen  times  as  fast  as  the  weight 
moves. 

If  the  winch  be  put  upon  the  axis  of  the  small- 
est  trundle,  ai^d  turned  round,  the  power  will  be 
as  thirty-two  to  one. 

But  if  the  weight  should  be  too  great,  even 
for  this  power  to  raise,  the  power  may  be  doubled 
by  drawing  up  the  weight  by  one  of  the  parts  of 
a  double  rope,  going  under  a  pulley  in  the  move- 
able block,  which  is  hooked  to  the  weight  below 
the  arm  of  the  gib ;  and  then  the  power  vrill  be 
as  sixty- four  to  one.    That  is,  a  man  could  then 


I 

•i"* 
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raise  sixty-four  times  as  much  wdght  by  the 
crane  as  he  could  raise  by  his  natural  strength 
without  it;  because^  for  every  inch  that  the  weight 
rises,  the  working  power  will  move  through  sixty- 
four  inches. 

By  hanging  a  block  with  two  pullies  to  the  arm 
of  the  gib,  and  having  two  pullies  in  the  move- 
able block  that  rises  with  the  weight,  the  rope 
being  doubled  over  and  under  these  pulli^,  the 
power  of  the  crane  will  be  as  1 28  to  one.  And 
so,  by  increasing  the  number  of  pullies,  the  power 
may  be  increased  as  much  as  you  please :  always 
'  remembering,  that  the  larger  the  pullies  are,  the 
less  is  their  mction. 

While  the  weight  is  drawing  up,  the  ratch- 
teeth  of  a  wheel  slip  round  below  a  catch  or 
click  that  falls  successively  into  them,  and  so 
hinders  the  crane  from  turning  backward,  and 
detains  the  weight  in  any  part  of  its  ascent,  if 
the  man  who  works  at  tne  winch  should  acci- 
dentally happen  to  quit  his  hold,  or  choose  to  rest 
himseli  before  the  weight  be  quite  drawn  up. 

In  order  to  let  down  the  weight,  a  man  puUs 
down  one  end  of  a  lever  of  die  second  kind, 
which  lifts  the  catch  of  the  ratchet-wheel,  abd 
gives  the  weight  liberty  to  descend.  But,  if  the 
descent  be  too  quick,  he  pulls  the  lever  a  little 
farther  down,  so  as  to  make  it  rub  against  the 
outer  edge  of  a  round  wheel ;  by  w  hich  means 
he  lets  down  the  weight  as  slowly  as  he  pleases : 
and,  by  pulling  a  little  harder,  he  may  stop  the 
weight,  if  needful,  in  any  part  of  its  descent. 
If  he  accidentally  quits  hold  of  the  lever,  the 
catch  immediately  falls,  and  stops  both  the  weight 
and  the  whole  machine. 
Plate  I,  This  crane  is  represented  in  Plate  I,  where  ^ 
^^        is  the  great  wheel,  and  B  its  axle  on  which  the 
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Tope  C  winds.  This  rope  goes  over  a  pulley 
jD  in  the  end  of  the  arm  of  the  gib  E^  and 
draws  up  the  weight  Fj  as  the  winch  G  is  turn- 
ed round.  H  is  the  largest  trundle,  /  the  next, 
and  K  is  the  axis  of  the  smallest  trundle,  which 
is  supposed  to  be  hid  from  view  by  the  upright 
supporter  L.  A  trundle  M  is  turned  by  the 
great  wheel,  and  on  the  axis  of  thi^  trundle  is 
fixed  the  ratchet-whefel  iV,  into  the  teeth  of 
which  the  catch  0  fells.  P  is  the  lever,  from 
which  goes  a  rope  QQ^  over  a  pulley  R  to  the 
catch  ;  one  end  of  the  rope  being  fixed  to  the 
lever,  and  the  other  end  to  the  catch.  iS  is  an 
elastic  bar  of  wood,  one  end  of  which  is  screw- 
ed to  the  .floor :  and,  from  the  other  end  goes  a 
rope  (out  of  sight  in  the  figure)  to  the  further 
end  of  the  lever,  beyond  the  pin  or^axis  on 
which  it  turns  in  the  upright  supporter  T.  The 
use  of  this  bar  is  to  keep  up  the  lever  from  rub- 
bing against  the  edge  of  the  wheel  £/,  and  to  let 
the  catch  keep  in  the  teeth  of  the  ratchet-wheel : 
but  a  weight  hung  to  the  ferther  end  of  the 
lever  would  do  full  as  well  as  the  elastic  bar  and 
rope. 

When  the  lever  is  pulled  down,  it  lifts  the 
catch  out  of  the  ratchet-wheel,  by  means  of  the 
rope  QQ,  and  gives  the  weight  F  liberty  to  des- 
cend :  but  if  the  lever  P  be  pulled  a  little  fer- 
ther down  than  what  is  sufficient  to  lift  the  catch 
O  out  of  the  ratchet-wheel  iV,  it  will  rub  against 
the  edge  of  the  wheel  £/,  and  thereby  hinder 
the  too  quick  descent  of  the  weight ;  and  will 
quite  stop  the  weight  if  pulled  hard.  And  if  the 
man  who  pulls  the  lever,  should  happen  inad- 
vertently to  let  it  go,  the  elastic  bar  will  sudden- 
ly pull  it  up,  and  the  catch  will  fell  down  and 
.  stop  the  machine. 
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iVlVzct  two  upright  rollers  above  the  axis  or 
upper  gudgeon  of  the  gib  E  :  their  use  is  to  let 
the  rope  C  bend  upon  them,  as  the  gib  is  tum^ 
ed  to  either  side,  in  order  to  bring  the  weight 
over  the  place  where  it  is  intended  to  be  let 
down. 

N.  B.  The  rollers  ought  to  be  so  placed,  that 
if  the  rope  C  be  stretched  close  by  their  utmott 
sides,  the  half  thickness  of  the  rope  may  be  per- 
pendicularly over  the  centre  of  the  upper  gudgeon 
of  the  gib.  For  then,  and  in  no  other  position 
of  the  roUers,  the  length  of  the  rope  betwecB 
the  pulley  in  the  gib  and  the  axle  of  the  great 
wheel  will  be  always  the  same,  in  all  positions  of 
the  gib :  and  the  gib  will  remain  in  any  position 
to  which  it  is  turned. 

When  ather  of  the  trundles  is  not  turned  by 
the  winch  in  working  the  crane,  it  may  be  drawn 
oflF  from  the  wheel,  after  the  pin  near  the  axis 
of  the  trundle  is  drawn  out,  and  the  thick  piece 
of  wood  is  raised  a  little  behind  the  outward  sup- 
porter of  the  axis  of  the  trundle.  But  this  is 
not  material ;  for,  as  the  trundle  has  no  friction 
on  its  axis  but  what  is  occasioned  by  its  weight, 
it  will  be  turned  by  the  wheel  without  any  sens- 
ible resistance  in  working  the  crane. 


A  Pyrometer y  that  makes  the  expansion  ofmetak 
by  heat  visible  to  the  Jive^andforty  thotiscmdth 
part  of  an  inch. 

Deicriptkm  The  upper  sur&ce  of  this  machine  is  repre* 
Jj;;^.  sented  by  Fig.  1  of  Plate  n.  Its  frame  ^£CD 
is  made  of  mahogany  wood,  on  which  is  a  circle 
Plate  h,  divided  into  S60  equal  parts ;  and  within  that 
Fig.  1,  Sup.  ^^•le  [g  another,  divided  into  eight  equal  parts. 
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If  the  short  bar  E  be  pushed  one  inch  forward 
(or  to^;^d  the  centre  of  the  drcle)  the  index  e 
will  be  turned  125  times  round  the  circle  of  360 
parts  or  degrees.  As  125  times  360  is  45^000, 
It  is  evident,  that  if  the  bar  E  be  moved  onlv 
the  45,000^  part  of  an  inch,  the  index  will 
move  one  degree  of  the  circle.  But  as  in  my 
pyrometer  the  circle  is  nine  inches  in  diameter, 
the  modoii  of  the  index  is  visible  to  half  a  de- 
gree, which  answers  to  the  ninety  thousandth 
part  of  an  inch  in  the  motion  or  pushing  of  the 
abort  bar  E. 

One  end  of  a  long  bar  of  metal  F  is  laid  into 
a  hollow  place  in  a  piece  of  iron  G,  which  is  fix- 
^  to  the  frame  of  the  machine  ;  and  the  other 
end  of  this  bar  is  laid. against  the  end  of  the 
short  bar  £,  over  the  supporting  cross  bar  HI: 
and,  as  the  end  y  of  the  long  bar  is  placed  close 
against  the  end  of  the  short  bar,  it  is  plain,  that 
if  F  expands,  it  will  push  E  forward,  and  turn 
the  index  e. 

The  machine  stands  on  four  short  pillars,  high 
enough  from  a  table,  to  let  a  spirit-lamp  be  put 
on  the  table  imder  the  bar  F;  and  when  that  is 
done,  the  heat  of  the  flame  of  the  lamp  expands 
the  bar,  and  turns  the  index. 

There  are  bars  of  different  metals,  as  silver, 
brass,  and  iron,  all  of  the  same  length  as  th& 
bar  F,  for  trying  experiments  on  the  different  ex- 
pansions of  different  metals,  by  equal  degrees  of 
heat  applied  to  them  for  equal  lengths  of  time ; 
which  may  be  measured  by  a  pendulum,  that 
swings  seconds.    Thus, 

Put  on  the  brass  bar  F,  and  set  the  index  to  Metliod  of 
the  360^  degree :  then  put  the  lighted  lamp  un-"^«**- 
der  the  bar,  and  count  the  number  of  seconds 
in  which  the  index  goes  round  the  plate,  from 
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360  to  360  again  ;  and  then  blow  out  the  lamp^ 
and  take  away  the  bar. 

This  done,  put  on  an  iron  bar  F  uhere  the 
brass  one  was  before,  and  then  set  the  index  to 
the  360^^  degree  again.  Light  the  lamp  and 
put  it  under  the  iron  bar,  and  let  it  remain  just 
as  many  seconds  as  it  did  under  the  brass  one  9 
and  then  blow  it  out,  and  you  will  see  how 
many  degrees  the  index  has  moved  in  the  circle; 
and  by  tnat  means  you  will  know  in  what  pro- 
portion the  expansion  of  iron  is  to  the  expansion 
of  brass ;  which  I  find  to  be  as  210  is  to  360^ 
or  as  seven  is  to  twelve. — By  this  method,  the 
relative  expansions  of  different  metals  may  be 
found. 

The  bars  ought  to  bp  exactlv  of  equal  size ; 
and  to  have  them  so,  they  should  be  drawn,  like 
wire,  through  a  hole. 

When  the  lamp  is  blown  out,  you  will  see  the 
index  turn  backward :  which  shews  that  the  metal 
contracts  as  it  cools. 

The  inside  of  this  pyrometer  is  constructed  as 
follows. —  • 

iisg.  3.  In  Fig.  2,  ^a  is  the  short  bar  which  moves 

between  rollers ;  and,  on  the  side  a  it  has  fifteen 
teeth  in  an  inch,  which  take  into  the  leaves  of  a 
pinion  B  (twelve  in  number)  on  whose  axis  is  the 
^heel  C  of  100  teeth,  which  take  into  the  ten 
'  leaves  of  the  pinion  D,  on  whose  axis  is  the 
wheel  £  of  100  teeth,  which  take  into  the  ten 
leaves  of  the  pinion  JT,  on  the  top  of  whose  axb 
is  the  index  above  mentioned. 

Now,  as  the  wheels  C  and  E  have  100  teeth 
each ;  and  the  pinions  D  and  F  have  ten  leaves 
each,  it  is  plain,  that  if  the  wheel  C  turns  once 
round,  the  pinion  F  and  the  index  on  its  axis 
will  turn  100  times  round.    But,  as  the  .first 
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pinion  B  has  only  twelve  leaves^  and  the  bar  A  a 
that  turns  it  has  fifteen  teeth  in  an  inch^  which 
is  twelve  and  a  £orurth  part  more ;  one  inch  mo- 
tion of  the  bar  will  cause  the  last  pinion  F  to 
turn  a  hundred  times  round,  and  a  fourth  part 
of  a  hundred  over  and  above^  which  is  twentv- 
five.  So  that  if  A  a  be  pushed  one  inch,  F  will 
be  turned  125  times  round. 

A  silk  thread  b  is  tied  to  the  axis  of  the  pinion 
Dj  and  wound  several  times  round  it ;  and  the 
o^er  end  of  the  thread  is  tied  to  a  piece  of 
slender  watch-s[Mnng  G,  which  is  fixed  into  the 
stud  H.  So  that  as  the  bar/ expands,  and  pushes 
the  bar  A  a  forward,  the  thread  winds  round  the 
axle,  and  draws  out  the  spring :  and  as  the  bar 
contracts,  the  spring  pulls  back  the  thread,  and 
turns  the  work  the  contrary  way,  which  pushes 
back  the  short  bar  A  a  against  the  long  baryi 
This  spring  always  keeps  the  teeth  of  the  wheels 
in  contact  with  the  leaves  oi  the  pinions,  and  so 
prevents  any  shake  in  the  teeth. 

In  Fig.  1 ,  the  eight  divisions  of  the  inner  circle  Fig.  t. 
are  so  many  thousandth  parts  of  an  inch  in  the 
expansion  or  contraction  of  the  bars ;  which  is 
Just  one  thousandth  part  of  an  inch  for  each  divi- 
sion moved  over  by  the  index. 


A  water-millj  invented  by  Dn  Bather^  that  /las 

neither  wheel  nor  trundle. 

This  machine  is  represented  by  Fig.  1  of  Rate  Barker** 
in,  in  which  Aisz  pipe  or  channel  that  brings  J*;^;;;";}^; 
water  to  the  upright  tube  B.     The  water  runs  Fig.  x,su|>! 
down  the  tube,  and  thence  into  the  horizontal 
trunk  C,  and  runs  out  through  holes  at  d  and  <» 

Fol.  II.  G 
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near  the  ends  of  the  trunk  on  the  contrary  side* 
thereof. 

The  upright  spindle  D  is  fixed  in  the  bottom 
of  the  trunk,  and  screwed  to  it  below  by  the 
niit  g;  and  is  fixed  into  the  trunk  by  two  cross 
bars  at/;  so  that,  if  the  tube  B  and  trunk  C  be 
turned  round,  the  spindle  D  will  be  turned  also» 

The  top  of  the  spindle  goes  square  into  the 
rynd  of  the  upper  mill-stone  ^,  as  in  common 
mills ;  and,  as  die  trunk,  tube,  and  spindle,  turn 
round,  the  mill-stone  is  turned  round  thereby* 
The  lower,  or  quiescent,  mill-stone  is  represented 
by  / ;  and  K  is  the  floor  on  which  it  rests,  and 
wherdn  is  the  hole  L  for  letting  the  med  run 
through,  and  fall  down  into  a  trough,  which  may 
be  about  M.  The  hoop  or  case  that  goes  round 
the  mill-stone  rests  on  the  floor  K^  and  supports 
the  hopper,  in  the  common  way.  The  lower 
end  of  the  spindle  turns  in  a  hole  in  the  bridge- 
tree  GJT,  which  supports  the  mill-stone,  tube, 
spindle,  and  trunk.  This  tree  is  moveable  on  a 
pin  at  A,  and  its  other  end  is  supported  by  an 
iron  rod  N  fixed  into  it,  the  top  of  the  rod  go- 
ing through  the  fixed  bracket  0,  and  having  a 
screw  nut  o  upon  it,  above  the  bracket.  By  turn-* 
ing  this  nut  forward  or  backward,  the  mill-stone 
is  raised  or  lowered  at  pleasure. 

While  the  tube  B  is  kept  fiill  of  water  from 
the  pipe  A^  and  the  water  continues  to  run  out 
from  the  ends  of  the  trunk ;  the  upper  mill- 
stone .  jfiT,  together  with  the  trunk,  tube,  and 
^indle,  turns  round.  But,  if  the  holes  in  the 
trunk  were  stopped,  no  motion  would  ensue; 
even  though  the  tube  and  trunk  were  full  of 
water.    For, 

If  there  were  no  hole  inthe  trunk,  the  pressure 
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of  the  water  would  be  equal  against  all  parts  of 
its  sides  within.  JBut,  when  the  water  has  &ge 
egress  through  the  holes^  its  pressure  there  is 
entirely  removed :  and  the  pressure  against  the 
parts  of  the  sides  which  are  opposite  to  the  holes, 
turns  the  machine.* 


^  See  Appendix  for  farther  information  on  the  constrtic* 
don  of  Dr.  JBarker's  mill.— Ed. 
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A  machine  for  demonstrating  that,  on  eqttat 
bottoms  J  the  pressure  of  fluids  is  in  proportion 
to  their  perpendicular  heights,  without  any 
regqjrd  to  their  quantities. 

KTHroittU- 1  HIS  IS   termed   the  Hydrostatical  Paradox: 
^J**»-    and  the  machine  for  shewing  it  is  represented  in 

PfcATt  ni,^^§*  ^  ^^  Plate  III. — ^In  which  A  \s  z  box  that 
Fig. », Sap.' holds  about  a  pound  of  water,  abode  a  glass- 
tube  fixed  in  the  top  of  the  box,  having  a  small 
wire  within  it ;  one  end  of  the  wire  being  hook- 
ed to  the  end  F  of  the  beam  of  a  balance,  and 
the  other  end  of  the  wire  fixed  to  a  moveable 
bottom,  on  which  the  water  lies,  within  the  box ; 
the  bottom  and  wire  being  of  equal  weight  with 
an  empty  scale  (out  of  sight  in  the  figure)  hang- 
ing at  the  other  end  of  the  balance.  If  this  scale 
be  pulled  down,  the  bottom  will  be  drawn  up 
within  the  box,  and  that  motion  will  cause  the 
water  to  rise  in  the  glass-tube. 

Put  one  pound  weight  into  the  scale,  which 
will  move  the  bottom  a  little,  and  cause  the 
water  to  appear  just  in  the  lower  end  of  the 
tube  at  a  ;  which  shews  that  the  water  presses 
with  the  force  of  one  pound  on  the  bottom ; 
put  another  pound  into  the  scale,  and  the  water 
will  rise  from  a  to  Z'  in  the  tube,  just  twice  as 
high  above  the  bottom  as  it  was  when  at  a; 
and  then,  as  its  pressure  on  the  bottom  supports 
two  potmd  weight  in  the  scale,  it  is  plain  that 
the  pressure  on  the  bottom  is  then  equal  to  two 
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fiounds*  Put  a  third  pound  weight  in  the  scale, 
and  the  water  will  be  raised  from  6  to  c  in  the 
tube,  three  tiaies  as  high  above  the  bottom  as 
when  it  began  to  appear  in  the  tube  at  a; 
which  shews,  that  the  same  quantity  of  water 
that  pressed,  but  with  the  force  of  one  pound  on 
the  bottom,  when  raised  no  higher  than  a,  presses 
with  the  force  of  three  poimds  on  the  bottom 
when  raised  three  times  as  high  to  r  in  the  tube. 
Put  a  fourth  pound  weight  mto  the  scale,  and 
it  will  cause  the  water  to  rise  in  the  tube  from  c 
to  dy  four  times  as  hieh  as  when  it  was  all  con- 
tained in  the  box,  which  shews  that  its  pressure 
then  iq>Ofi  the  bottom  is  four  times  as  great  as 
when  it  lay  all  within  the  box.  Put  a  fifth 
pound  weight  into  the  scale,  and  the  water  will 
rise  in  the  tube  from  d  to  e,  five  times  as  high 
as  it  was  above  the  bottom,  before  it  rose  in 
the  tube ;  which  shews  that  its  pressure  on  the 
bottom  is  then  equal  to  five  pounds,  seeing  that 
it  supports  so  much  weight  in  the  scale.  And 
so  on,  if  the  tube  was  still  longer  ;  for  it  would 
still  require  an  additional  pound  put  into  the 
scale,  to  raise  the  water  in  the  tube  to  an  addi- 
tionsd  height  equal  to  the  space  de  ;  even  if  the 
bore  of  the  tube  was  so  small  as  only  to  let  the 
wire  move  freely  within  it,  and  leave  room  for 
any  water  to  get  round  the  wire. 

Hence  we  infer,  that  if  a  long  narrow  pipe 
or  tube  was  fixed  in  the  top  of  a  cask  full  of 
liquor,  and  if  as  much  Hqoor  was  poured  into 
the  tube  as  would  fill  it,  even  though  it  were 
so  small  as  not  to  hold  an  ounce  weight  of 
liquor ;  the  pressure  arisuig  from  the  liquor  in 
the  tube  would  be  as  great  upon  the  bottom, 
and  be  in  as  much  danger  of  bursting  it  out, 
as  if  the  cask  was  continued  up,  in  its  niU  size, 
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to  the  height  of  the  tube,  and  filled  vnth  li- 
quor, 
sohttioo  of  In  order  to  account  for  this  surprising  afiair, 
^^^^  we  must  consider  that  fluids  press  equally  in  all 
manner  of  directions;  and  consequently  that 
they  press  just  as  strongly  upward  as  they  do 
downward.  For^  if  another  tube,  as  y^  be  put 
into  a  hole  made  into  the  top  of  the  box,  and, 
the  box  be  filled  with  water  ;  and  then,  if  water 
be  poured  in  at  the  top  of  the  tube  abcde^ 
it  will  rise  in  the  tube  f  to  the  same  height  as 
it  does  in  the  other  tube :  and  if  you  leave  oflF 
pouring,  when  the  water  is  at  c,  or  any  other 
place  in  the  tube  abcdcj  you  will  find  it  just 
as  hi^h  in  the  tube  f:  and  if  you  pour  in  water 
to  filfthe  first  tube,  the  second  will  be  filled  also. 

Now,  it  is  levident,  that  the  water  rises  in  the 
tube  fj  from  the  downward  pressure  of  the  wa- 
ter in  the  tube  abcdcj  on  the  surface  of  the 
water,  contiguous  to  the  inside  of  the  top  of 
the  box;  and  as  it  will  stand  at  equal  heights 
in  both  tubes,  the  upward  pressure  m  the  tube 
^f  is  equal  to  the  downward  pressure  in  the  other 
tube.  But,  if  the  tube/  were  put  in  any  other 
part  of  the  top  of  the  box,  the  rising  of  the 
water  in  it  would  still  be  the  same :  or,  if  the 
top  was  fiill  .of  holes,  and  a  tube  put  into  each 
of^  them,  the  water  would  rise  as  high  in  each 
tube  as  it  was  poured  into  the  tube  abode; 
and  then  the  moveable  bottom  would  have  the 
weight  of  the  water  in  all  the  tubes  to  bear,  be- 
side the  weight  of  all  the  water  in  the  box. 

And  seeing  that  the  water  is  pressed  upward 
into  each  tube,  it  is  evident  that,  if  they  be  all 
taken  away,  excepting  the  tube  a  i  c rfe,  and  the 
holes  in  which  they  stood  be  stopped  up ;  each 
part,  thus  stopped,  will  be  pressed  as  much  up« 
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Vrzrdj  as  Vf^  equal  to  the  waght  of  water  in 
each  tube.  So  that,  the  upward  pressure  against 
the  inside  of  the  top  of  the  box,  on  every  part 
equal  in  breadth  to  the  width  of  the  tube  abcde^ 
will  be  pressed  upward  with  a  force  equd  to  the 
whole  weight  of  water  in  the  tube.  And  conse- 
quently, the  whole  upward  pressure  against  the 
top  of  the  box,  arising  from  the  weight  or  down- 
ward pressure  of  the  water  in  the  tube,  will  be 
equal  to  the  weight  of  a  column  of  water  of  the 
same  heieht  witn  that  in  the  tube,  and  of  the 
same  thickness  as  the  width  of  the  inside  of  the 
box :  and  this  upward  pressure  against  the  top 
will  re-act  downward  against  the  bottom,  and 
be  as  great  thereon,  as  would  be  equal  to  the 
weight  of  a  column  of  water  as  thick  as  the 
jmoveable  bottom  is  broad,  and  as  high  as  the 
water  stands  in  the  tube.  And  thus,  the  para- 
dox is  solved. 

The  moveable  bottom  has  no  friction  against 
the  inside  of  the  box,  nor  can  any  water  get 
between  it  and*  the  box.  The  method  of  making 
it  so,*  is  as  follows. — 

In  Fig.  3,  A  BCD  represents  a  section  of  thecomtnic 
box,  and  abed  is  the  lid  or  top  thereof,  which ****" ^^ 
goes  on  tight,  like  the  lid  of  a  common  paper  bottom, 
snuff-box.     E  is  the  moveable  bottom,  with  a 
groove  around  its  edge,  and  it  is  put  into  a 
bladder  fg^  which  is  ded  close  aroimd  it  in  the  Fig.  3. 
groove  by  a  strong  waxed  thread ;  the  bladder 
coming  up  like  a  purse  within  the  box,  and  put 
over  the  top  of  it  at  a  and  d  all  round,  and  then 
the  lid  pressed  on.    So  that,  if  water  be  poured 
in  through  the  hole  //  of  the  lid,  it  will  lie  upon 
the  bottom  Ej  and  be  contained  in  the  space 
fE  g  h  within  the  bladder ;  and  the  bottom  may 
b?  raised  by  pulling  the  wire  f ,  which  is  fixed  to 
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it  at  E :  and  by  thus  pulling  the  wire^  the  water 
will  be  lifted  up  in  the  tube  ky  and  as  the  bat* 
torn  does  not  touch  the  inside  of  the  box,  it  moves 
without  friction. 

Now,  suppose  the  diameter  of  this  rotmd  botp 
torn  to  be  three  inches  (in  which  case,  the  area 
thereof  will  be  nine  c'u'cular  inches),  ^  and  the 
diameter  of  the  bore  of  the  tube  to  be  a  quarter 
of  an  inch  ^  the  whole  area  of  the  bottom  will 
be  144  times  as  great  as  the  area  of  the  top  of  a 
pin  that  would  fill  the  tube  like  a  cork. 

And  hence  it  is  plain,  that  if  the  moveable 
bottom  be  raised  only  the  144^^  part  of  an  inch, 
the  water  will  thereby  be  raised  a  whole  inch  in 
the  tube }  and  consequently^  that  if  the  bottom 
be  raised  one  inch,  it  would  raise  the  water  to 
the  top  of  a  tube  144  inches,,  or  twelve  feet  in 
heieht. 

jN.  B.  The  box  muist  be  open  below  the  move- 
able bottom,  to  let  in  the  air.  Otherwise,  the 
pressure  of  the  atmosphere  would  be  so  great 
upon  the  moveable  bottom,  if  it  be  three  inches 
in  diameter,  as  to  require'  108  pounds  in  the 
scale,  to  balance  that  pressure,  before  the  bot- 
tom could  begin  to  move. 


A  machine^  to  be  svhstiiuted  in  place  of  the  comi^ 
man  hydrostaticaf  beliows. 

Substitute  In  Fig.  1  of  Plate  tV,  AB  CD  is  an  oblong 
for  the  by.  square  box,  in  one  end  of  which  is  a  round 
bellows,  groove,  36  at  a,  trojn  top  to  bottom,  for  receiy- 
Platb  iv,ing  the  upright  glass  tube  /,  which  is  bent  to  a 
Fig.  I,  a,  3t  right  angle  at  the  lower  end  (as  at  %  in  Fig.  2), 
°^*  and  to  that  part  is  tied  the  neck  of  a  large  blad- 
der K  (Fig.  2),  which  lies  in  the  bottom  of  tl^ 
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box.  Over  this  bladder  is  laid  the  moveable 
board  L  (Fig.  1  and  S),  in  which  is  fixed  an 
upright  wire  M;  and  leaden  weights  NN^  to 
the  amount  of  sixteen  pounds,  with  holes  in 
their  middle,  which  are  put  upon  the  wire,  over 
the  board,  and  press  upon  it  with  all  their  force. 

The  cross  bar  p  is  then  put  on,  to  secure  the 
tube  from  falling,  and  keep  it  in  an  upright  po- 
sition :  and  then  the  piece  EFG  is  to  be  put 
on,  the  part  G  sliding  tight  into  the  dove-tailed 
groove  Hj  to  keep  the  weights  NN  horizontal, 
asti  the  wire  M  upright ;  there  being  a  round 
hole  e  in  the  part  EF  for  receiving  the  wire. 

There  are  four  upright  pins  in  the  four  cor- 
ners of  the  box  within,  each  almost  an  inch 
long,  for  the  board  L  to  rest  upon  :  to  keep  it 
from  pressing  the  sides  of  the  bladder  below  it 
close  together  at  first. 

The  whole  machine  being  thus  put  together, 
pour  water  into  the  tube  at  top ;  and  the  water 
will  run  down  the  tube  into  the  bladder  below 
the  board ;  and  after  the  bladder  has  been  filled 
up  to  the  board,  continue  pouring  water  into 
the  tube,  and  the  upward  pressure  which  it  will 
excite  in  the  bladder,  will  raise  the  board  with 
all  the  weight  upon  it,  even  though  the  bore  of 
the  tube  snould  be  so  small,-  that  less  than  an 
ounce  of  water  would  fill  it. ' 


'  Upon  this  principle,  it  has  been  justly  afiBnned  by 
tome  writers  on  natural  philosophy,  that  a  certain  quantity 
of  water,  howerer  small,  may  be  rendered  capable  of  ex- 
erting a  force  equal  to  any  assignable  one,  by  increasing 
the  height  of  the  column,  and  diminishing  the  base  on 
which  It  presses.  Dr.  Goldsmith  observes,  that  he  has 
Men  a  stroitg  hogshead  split  in  this  manner.  A  small, 
though  strong  tube  of  tin,  twenty  feet  high^  wu  inserted 

in 
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This  machine  acts  upon  the  same  principle  as 
the  one  last  described,  concerning  the  HydrostO' 
tical  paradox.  For,  the  upward  pressure  against 
every  part  of  the  board  (which  the  bladder 
touches),  equal  in  area  to  the  area  of  the  bore  of 
the  tube,  will  be  pressed  upward  with  a  force 
equal  to  the  weight  of  the  water  in  the  tube ;  and 
the  sum  of  all  these  pressures  arainst  so  many 
areas  of  the  board,  will  be  sufficient  to  raise  it 
with  all  the  weights  upon  it. 

In  my  opinion,  nothing  can  exceed  this  simple 
machine,  in  making  the  upward  pressure  of  flmcfe 
evident  to  sight. 


The  cause  of  reciprocating  springs ^  and  of  ebbing 
and  flowing  wells j  explained.* 

Cwieof        In  Fig.  1  of  Plate  V,  let  a  Z' erf  be  a  hill, 
iiJ"^S?«.  within  which  is  a  large  cavern  A  A  near  the  top, 

Plate  V  ^^'^^  ^^  ^^^  ^y  '^^  ^^^  melted  snQw  on  the 
Fig.  I,  Sup.  top  a,  making  their  way  through  chinks  and 


in  the  bung-hole  of  the  hogshead.  Water  was  then  poured 
into  the  tube  till  the  hogshead  was  filled,  and  the  water 
had  reached  within  a  foot  of  the  top  of  the  tin  tube.  Bj 
the  pressure  of  this  column  of  wa^er,  the  hogshead  burst 
with  incredible  force,  and  the  water  was  scattered  in  ererT 
direction.  By  diminishing  the  area  of  the  tube  one  half, 
or  doubling  its  height,  the  same  quantity  of  water  would 
have  a  double  force.— -£d. 

*  Dr.  Atwell  of  Oxford  seems  to  hare  been  the  first 
person  that  pointed  out  the  cause  of  reciprocating  springs. 
The  theory  of  this  gentleman^  of  which  the  article  in  uie 
text  is  an  abridgement,  was  published  in  Number  424  of 
the  Philosophical  Transactions,  and  was  suggested  by  the 
phenomena  of  Lay  well  spring,  at  Brixam  in  DeTonshire.««* 
See  Desagulier's  Experimental  Philosophy)  voL  ii»  p.  173§ 
^nd  vol.  i,  of  this  work,  p.  141. — £o. 

3 


HYDROSTATICS.  107 

eraimies  into  the  said  cavern,  from  which  pro- 
ceeds a  small  stream  CC  within  the  body  ot  the 
hill,  and  issues  out  in  a  spring  at  6  on  the  side 
of  the  hill,  which  will  run  constantly  while  the 
cavern  is  fed  with  water. 

From  the  same  cavern  A^j  let  there  be  a 
small  channel  Z),  to  carry  water  into  the  cavern 
B  ;  and  from  that  cavern  let  there  be  *a  bended 
channel  £  e  F,  larger  than  Z),  joining  with  the 
former  channel  CC,  as  at  y  before  it  comes  to 
the  side  of  the  hill ;  and  let  the  joining  at  y*  be 
below  the  level  of  the  bottom  of  both  these  ca- 
verns. 

As  the  water  rises  in  the  cavern  B,  it  will  rise 
as  high  in  the  channel  E  e  F:  and  when  it  rises 
to  the  top  of  that  channel  at  e,  it  will  run  down 
the  part  e  FGy  and  make  a  swell  in  the  spring 
G,  which  will  continue  till  all  the  water  is  drawn 
off  from  the  cavern  i?,  by  the  natural  syphon 
-Eef  (which  carries  off  the  water  faster  from  B 
than  the  channel  D  brings  water  to  it),  and  then 
the  swell  will  stop,  and  only  the  small  channel 
CC  will  carry  water  to  the  spring  G,  till  the  ca- 
vern B  is  filled  to  B  again  by  the  rill  D ;  and 
then  the  water  being  at  the  top  e  of  the  channel 
EeFj  that  channel  will  act  again  as  a  syphon, 
and  carry  off  all  the  water  from  B  to  the  spring 
G,  and  so  make  a  swelling  flow  of  water  at  G  as 
before. 

To  illustrate  this  by  a  machine  (Fig.  2),  let  -^niunraud 
be  a  large  wooden  box,  filled  with  water;  andj.Jj^"^' 
let  a  small  pipe  CC  (the  upper  end  of  which  is 
fixed  into  the  bottom  of  the  box)  carry  water 
from  the  box  to  G,  where  it  will  run  off  con-  t'g-  »• 
stantly,  like  a  small  spring.     Let  another  small 
pipe  D  carry  water  from  the  same  box  to  the 
pox  or  well  jS,  from  which  let  a  syphcn  JZcF 
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proceed,  and  join  with  the  pipe  CC  zi  f:  the 
bore  of  the  syphon  being  larger  than  the  bore 
of  the  feeding-pipe  D.  As  the  water  from  this 
pipe  rises  in  the  well  By  it  will  also  rise  as  high 
in  the  syphon  EeF;  and  when  the  syphon  is 
full  to  the  top  e,  the  water  will  run  over  the 
bend  e,  down  the  part  eF,  and  go  off  at  the 
mouth  G^  which  will  make  a  great  stream  at 
G :  and  that  stream  will  continue,  till  the  sy- 
phon has  carried  off  all  the  water  from  the  well 
£  ;  the  syphon  carrying  off  the  water  fester 
from  B  than  the  pipe  D  brings  water  ^o  it :  and 
then  the  swell  at  G  will  cease,  and  only  the 
water  from  the  small  pipe  C  C  will  run  off  at  G, 
till  the  pipe  D  fills  the  well  B  again  ;  and  then 
the  syphon  will  run,  and  make  a  swell  at  G  as 
before. 

And  thus,  we  have  an  artificial  representation 
of  an  ebbing  and  flowing  well,  and  of  a  reci- 
procating spring,  in  a  very  natural  and  simple 
manner. 
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jin  account  of  the  principles  hy  which  Mr.  Blahey 
proposes  to  raise  water  from  minesj  or  from 
rivers  J  to  supply  towns,  and  gentlemen*  s  seats, 
by  his  new^invented  fire-engine,  Jor  which  he 
has  received  his  mqjesty^s  letters  patent. 

Although  I  am  not  at  liberty  to  describe Biak«y*» 
the  whole  of  this  simple  engine,  vet  I  have  the  ^**°P°*- 
patentee's  leave  to  describe  such  a  one  as  will  pig*^,  sup. 
shew  the  principles  by  which  it  acts. 

In  Fig.  4  of  Plate  IV,  let  ^  be  a  large,  strong, 
close,  vessel,  immersed  in  water  up  to  the  cock 
by  and  having  a  hole  in  the  bottom,  with  a  valve 
a  upon  it,  opening  upward  within  the  vessel. 
A  pipe  B  C  rises  irom  the  bottom  of  this  ves- 
sel, and  has  a  cock  c  in  it  near  the  top,  which 
is  small  there,  for  playing  a  very  high  jet  rf. 
JE  is  the  little  boiler  (not  so  big  as  a  common 
tea-kettle)  which  is  connected  with  the  viessel  ^ 
by  the  steam-pipe  F;  and  G  is  a  funnel,  through 
which  a  little  water  must  be  occasicmally  poured 
into  the  boiler,  to  yield  a  proper  quantity  of 
steam ;  and  a  small  quantity  of  water  will  do 
for  that  purpose,  beoause  steam  possesses  up- 
ward of  14,000  times  as  much  space  or  bulk  as 
the  water  does  from  which  it  proceeds. 

The  vessel  A  being  immersed  in  water  up  to 
the  cock  b,  open  that  cock,  and  the  water  will 
rush  in  through  the  bottom  of  the  vessel  at  a, 
and  fill  it  as  high  up  as  the  water  stands  on  its 
outside ;  and  the  water,  coming  into  the  vessel, 
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will  drive  the  air  out  of  it  (as  high  as  the  water 
rises  within  it)  through  the  cock  b.  When  the 
water  has  done  rushing  into  the  vessel,  shut  the 
cock  bj  and  the  valve  a  will  fall  down,  and  hin- 
der the  water  from  being  pushed  out  that  way, 
by  any  force  that  presses  on  its  surface.  All  the 
part  of  the  vessel  above  b  will  be  full  of  common 
air  when  the  water  rises  to  b. 

Shut  the  cock  Cj  and  open  the  cocks  d  and 
e ;  then  pour  as  much  water  into  the  boiler  £ 
(through  the  funnel  G)  as  will  about  half  fill 
the  boiler ;  and  then  shut  the  cock  dj  and  leave 
the  cock  e  open. 

This  done,  make  a  fire  under  the  boiler  E, 
and  the  heat  thereof  will  raise  a  steam  from  the 
water  in  the  boiler  ;  and  the  ^eam  will  mak^ 
its  way  thence,  through  the  pipe  JP,  into  th^ 
vessel  ^ ;  and  the  steam  will  compress  the  air 
(above  b)  with  a  very  great  force  upon  the  su4t- 
tace  of  the  vMer  in  ^ 

When  the  top  of  the  vessel  ji  feels  very  hot 
by  the  steam  under  it,  open  the  cock  c  in  the 
pipe  C ;  and  the  air  being  strongly  compressed^ 
in  ji^  between  the  steam  and  the  water  therein, 
will  drive  all  the  water  out  of  the  vessel  J^,  up 
the  pipe  BCy  from  which  it  will  fly  up  in  a  Jet 
to  a  very  great  height.  In  my  foimtain,  which 
is  made  in  this  manner  after  Mr.  Blakey's,  three 
tea-cup-fulls  of  water  in  the  boiler  will  afford 
steam  enough  to  play  a  jet  thirty  feet  high. 

When  au  the  water  is  out  of  the  vessel  -^, 
and  the  compressed  air  begins  to  follow  the  jet, 
open  the  cocks  b  and  d  to  let  the  steam  out  of 
the  boiler  E  and  vessel  -^,  and  shut  the  cock  e 
to  prevent  any  more  steam  from  getting  into  ji ; 
and  the  air  will  rush  into  the  vessel  A  through 
the  cock  by  and  the  water  through  the  valve  a .- 
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»tid  SO  the  vessel  will  be  filled  with  water,  up  to 
the  cock  b  as  before.  Then  shut  the  cock  b^ 
and  the  cocks  c  and  dj  and  open  the  cock  e ; 
and  then  the  next  steam  that  rises  in  the  boiler 
will  make  its  way  into  the  vessel  ji  again ;  and 
the  operation  will  go  on,  as  above. 

When  all  the  water  in  the  boiler  is  evaporated, 
and  gone  oflF  into  steam,  pour  a  little  more  into 
the  boiler,  through  the  funnel  G. 

In  order  to  inake  this  engine  raise  water,  to 
any  gentleman's  house,  if  the  house  be  on  the 
bank  of  a  river,  the  pipe  B  C  may  be  continued 
up  to  the  intended  height,  in  the  direction  H  L 
Or,  if  the  house  be  on  the  side  or  top  of  a  hill, 
at  a  distance  from  the  river,  the  pipe,  through 
which  the  water  is  forced  up,  may  be  laid  along 
on  the  hill,  from  the  river  or  spring  to  the  house. 

The  boiler  may  be  fed  by  a  small  pipe  if, 
from  the  water  that  rises  in  the  main  pipe 
BCHI:  the  pipe  K  being  of  a  very  small  bore, 
so  as  to  fill  the  funnel  G  with  water  in  the  time 
that  the  boiler  jE  will  require  a  fresh  supply. 
And  then,  by  turning  the  cock  rf,  the  water  will 
fall  from  the  funnel  into  the  boiler.  The  fun- 
nel should  hold  as  much  water  as  will  about 
half  fill  the  boiler. 

When  either  of  these  methods  of  raising  wa- 
ter, perpendicularly  or  obliquely,  is  used,  there 
will  be  no  occasion  for  having  the  cock  c  in  the 
main  pipe  BCHI:  for  such  a  cock  is  requisite 
only  when  the  engine  is  used  as  a  fountain. 

A  contrivance  may  be  very  easily  made,  from 
a  lever  to  the  cocks  fc,  rf,  and  e;  so  th^t,  by 
pulling  the  lever,  the  cocks  b  and  d  may  be 
opened  when  the  cock  e  must  be  shut ;  ana  the 
cock  e  be  opened  when  b  audi  d  must  be  shut. 

The  boiler  E  should  be  inclosed  in  a  brick  Boiler. 
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wall,  at  a  little  distance  from  it,  all  around  ;  to 
give  liberty  for  the  flames  of  the  fire  under  the 
boiler  to  ascend  round  about  it.  By  which 
means  (the  wall  not  covering  the  funnel  G)  the 
force  of  the  steam  will  be  prodigiously  increas- 
ed by  the  heat  round  the  boiler ;  and  the  funnel 
and  water  in  it  will  be  heated  from  the  boiler ; 
so  that  the  boiler  will  not  be  chilled  by  letting 
cold  water  into  it ;  and  the  rising  tf  the  steam 
will  be  so  much  the  quicker. 

"Mr.  Blakey  is  the  only  person  who  ever 
thought  of  making  us  of  air  as  an  intermediate 
body  between  steam  and  water  :  by  which  means, 
the  steam  is  always  kept  from  touching  the  wa- 
ter, and  consequently  from  being  condensed  by 
it.  And  on  this  new  prindple  he  has  obtained 
a  patent :  so  that  no  one  (vary  the  engine  how 
he  will)  can  make  use  of  the  air  between  steam 
and  water,  without  infringing  on  the  patent,  and 
being  subject  to  the  penalties  of  the  law. 

This  engine  may  be  built  for  a  trifling  ex- 
pence,  in  comparison  of  the  common  fire  engine 
now  in  use.  It  will  seldom  need  repairs,  and 
will  not  consume  half  so  much  fuel.  As  it  has 
no  pumps  with  pistons,  it  is  clear  of  all  their 
friction :  and  the  effect  is  equal  to  the  whole 
strength  or  compressive  force  of  the  steam ; 
which  the  effect  of  the  common  fire-engine  ne- 
ver is,  on  account  of  the  great  friction  of  the 
pistons  in  their  pumps. 


jj 
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Archimede^s  screw^engine  Jbr  raising  water. 

In  Fig.  1  of  Plate  VI,-  ABCD  \&  2l  wheel,  Archunc 
which  is  turned  round,  according  to  the  order  ^^''f***^" 
of  the  letters,  by  the  fall  of  water  EF^  which  *"^^'°*' 
need  not  be  more  than  three  feet.     The  axle  G  r«t"sup! 
of  the  wheel  is  elevated  so  as  to  make  an  angle 
of  about  44^  with  the  horizon ;  and  on  the  top 
of  that^ixle  is  a  wheel  Hj  which  turns  such  ana* 
ther  wheel  /  of  the  same  number  of  teeth  :  the 
axle  K  of  this  last  wheel  being  parallel  to  the 
^e  G  of  the  two  former  wheels. 

The  axle  G  is  cut  into  a  double-threaded  scr^w  . 
{as  in  Fig.  2),  exactly  resembliig  the  screw  on  Fig.?, 
the  axis  of  the  fly  of  a  common  jack,  which 
must  be  (what  is  called)  a  right-handed  screw, 
like  the  wood-screws,  if  the  first  wheel  turns  in 
the  direction  AB  CD ;  but  must  be  a  left-handed 
screw,  if  the  stream  turns  the  wheel  the  contrary 
way.  And,  whichever  way  the  screw  on  the 
axle  G  be  cut,  the  screw  on  the  axle  K  must 
be  cut  the  contrary  way ;  because  these  axles 
turn  in  contrary  directions. 

The  screws  being  thus  cut,  they  must  be 
covered  close  over  with  boards,  like  those  of  a 
cylindrical  cask ;  and  then  they  will  be  spiral 
tubes.  Or,  they  may  be  made  of  tubes- of. $tiff 
leather,  and  wrapt  round  the  axles  in  •  ishallow 
grooves  cut  therein,  as  in  Fig.  5^ 

The  lower  end  of  the  axle  ,G  turns  colistantly  rig.  %. 
in  the  stream  that  turns  the  wheel,  and  the  lower 
ends  of  the  spiral  tubes  are  open  into  the  water ; 
so  that,  as  the  whed  and  axle  are  turned  round, 
the  water  rises  in  the  spiral  tubes,  and  runs  out 
at  L,  through  the  holes  3f  iV,  as  they  come  about 
below  the  axle.     These  holes  (of  which  thete 

Fbl.  II  H 
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may  be  any  number,  as  four  or  eix)  are  in  a 
brcxaid  cloee  ring  on  the  top  of  the  axle,  into 
which  ring  the  water  is  delivered  from  the  up« 
per  open  ends  of  the  screw^^tubes^  and  falk  into 
the  open  box  N. 

The  lower  end  of  the  ai^Ie  K  turns  on  a 
gudgeon,  in  the  water  in  N;  and  the  spiral 
tubes  in  that  axle  take  up  the  water  from  N^ 
fad  deliver  it  into  such  another  box  under  the 
tofpof  K;  on  which  there  may  be  such  Snother 
wneel  as  /^  to  turn  a  third  axle  by  such  a  wheel 
upon  it.  And  in  ^  manner,  water  may  be 
Kulsed  to  any  given  height,  when  there  is  a 
ctream  suflkient  for  that  purpose  to  act  on  the 
broad  float-boards  c^  the  first  wheeL^ 


'  As  Mr.  Fcrguioli  has  not  explained  the  reason  why 
the  water  rises  in  the  spirals  of  the  screw  engine,  we  hope 
the  reader  ip)l  understand  it  from  the  following  remarks. 
When  tbt  screw  B  Ff  in  Figure  3,  Plate  VI,  is  in  a  ver* 
tical  position,  the  spiral  excavations  will  be  inclined  to  the 
horizon,  and  if  a  portion  of  water  be  intrQduced  at  th^ 
top  Af  it  will  descend  to  F,  the  bottom  of  the  tube.  If 
the  screw  be  in-  a  horizontal  position,  and  the  water  intio* 
duced  at  $%  it  will  £dl  to  C,  and  remain  there*  But  if  the 
fcrew  be  turned  upon  its  axis  from  B  towaras  Ji^  so  that 
the  lowest  ppint  C  of  the  tube  may  ascend  to  D,  while  the 
point  B  is  depressed  to  C,  the  water  will,  by  its  own  gra- 
vity, move  from  C  to  £f  where  it  will  be  discharged : 
So  xiM  water  introduced  into  one  extremity  of  the  screw 
engine,  in  a  h^ri^onud  position,  wiB  be  discharged  at  the 
other.  Now,  let  the.  end  J?,  of  the  engine  BFt  be  de« 
vatcd  so  as  to  be  inclined  to  the  horizon,  and  the  same 
rflFect  wHI  be  produced :  the  water  at  C  mil  rise  towards 
Bf  xSH  the  angle  6f  inclination  which  the  machine  makes 
with  the  horizon  ift  equal  to  the  angle  formed  by  the 
spirals  with  the  aada  of.  the  engine.  At  this  particnkr 
angle  the  water  will  have  as  great  a  tendency  to  flow  tp* 
yrards  JO  as  towards  C,  because  the  sur&ce  of  the  tube 
betivecn  these  two  points  is  paraHd  to  the  horizon ;  but 


.. » 
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A  quadruple  pump-miU  for  raising  water. 

This  engine  is  represented  on  jNate  VU,  inQsa^»P^ 
ivhich  ABCD  is  a  wheel,  turned  by  water  ac-*^""^' 
cording  to  the  order  of  the  letters.     On  the  ho-  g^**^"* 
rizontsd  axis  are  four  small  wheels,  toothed  al- 
most half  round :  and  the  parts  of  thdr  edges 
on  which  there  are  no  teeth  are  cut  down  so,  as 
to  be  even  with  the  bottoms  of  the  teeth  where 
rthey  stand. 

The  teeth  of  these  four  wheels  take  alternate- 
ly into  the  teeth  of  four  racks,  which  hang  by 
two  chains  over  the  pulleys  Q  and  L ;  and  to 
the  lower  ends  of  these  rads:s  there  are  four  iroa 
rods  fixed,  which  go  down  into  the  four  forging 
pumps,  i9,  £,  Af,  and  N.  And,  as  the  wheels 
turn,  the  rack  and  pump-rods  are  alternately 
moved  up  and  down. 

Thus,  suppose  the  wheel  G  has  pulled  down 


at  a  greater  angle*  the  fluid  w31  descend  towards  D,  and 
flow  out  at  the  extremity  jP.  The  ascension  of  the  water^ 
thcreforcy  in  the  Archimedean  screw  engiae  arises  from  its 
tendency  to  occupy  the  lowest  parts  of  the  spiral*  while 
the  rotatory  motion  withdraws  this  part  of  the  spiral  from 
the  fluid,  and  causes  it  to  ascend  to  the  top  of  the  tuhe.  By 
wrapping  a  right  angled  triangle  round  a  cylindrical  pin,  so 
that  the  hypothenuse  may  form  a  spiral  upon  its  sor&cey  and 
by  attendu^  to  the  position  of  the  spirals  at  difimnt  angles 
of  inclination^  the  preceding  observations  will  be  easily 
understood.  In  practice*  the  angle  of  incltnatton  should 
be  about  50P*  and  the  angle  whidi  the  spirals  form  with 
the  axis  should  exceed  the  angle  of  the  engine's  inclina- 
tion by  about  15^.  The  theory  of  this  engine  is  trtated 
at  great  length  by  Humert,  in  his  DissirUOwn  nr  /a  vk 
jD^jfrMmedcf  Berlin*  1767 ;  and  by  j?ii&r*  in  the  Nov. 
Cfmmint,  Peirop.  torn.  ▼•  See  also  Gregory's  Mechanics* 
vpL  ii,  p.  343. — £d. 
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the  rack  7,  and  drawn  up  the  rack  K  by  the 
chain ;  as  the  last  tooth  of  6  just  leaves  the 
uppermost  tooth  of  7,  the  first  tooth  of  H  is 
ready  to  take  into  the  lowermost  tooth  of  the 
rack  K,  and  pull  it  down  as  far  as  the  teeth  go  i 
and  then  the  rack  7  is  pulled  upward  through 
the  whole  space  of  its  teeth,  and  the  wheel  G  is 
ready  to  take  h«ld  of  it,  and  pull  it  down  again, 
and  so  draw  up  the  other.  In  the  same  manner, 
the  wheels  E  and  F  work  the  racks  0  and  P.^ 

These  four  wheek  are  fixed  on  the  axle  of  the 
great  wheel  in  such  a  manner,  with  respect  to 
tl^e  portions  of  their  teeth,  that  while  they  con- 
tinue tmning  round,  there  is  never  one  instant  of 
time  in  which  one  or  other  of  the  pump-rods  is 
not  going  down,  and  forcing  the  water.  So 
that,  in  this  engine,  there  is  no  occasion  for 
having  a  general  air-vessel  to  all  the  pumps,  to 
procure  a  constant  stream  of  w^ter  flowing  from 
the  upper  end  of  the  main  pipe. 

The  pistons  of  these  pumps  are  solid  plungers, 
the  same  as  described  in  Lecture  fifth,  volume 
^t.  See  Plate  XI,  Fig.  4,  with  the  description 
of  the  figure. 

From  each  of  these  pumps,  near  the  lowest 
end,  in  the  water^  there  goes  off  a  pipe,  with  a 
valve  on  its  farthest  end  fxQtt\  the  pump ;  and 
these  ends  of  the  pipes  all  ^ter  one  close  boiCy 
into  which  they  deliver  the  water :  and  into  thk 
box,  the  lower  end  of  the  main  conduit-pipe  is 


^  For  the  proper  form  wliich  must  be  given  to  the  teeth 
of  the  wheels  and  racks,  in  order  to  produce  an  equable 
and  uniform  motion,  see  Appendix.  This  method  of 
moving  the  pistons  is  preferable  to  the  crank  motion  em- 
ployed in  the  engine  which  is  represented  in  Plate  XII, 
Vol.  i— Ed. 
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fixed ;  so  that,  as  the  water  is  forced  or  pushed 
into  this  box,  it  is  also  pushed  up  the  main  pipe 
to  the  height  that  it  is  intended  to  be  raised. 

There  is  an  engine  of  this  sort,  described  in 
Ramelii's  work  :  but  I  can  truly  say,  that  I 
never  saw  it  till  some  dme  after  I  had  made  this 
model. 

The  said  model  is  not  above  twice  as  big  as 
the  figure  of  it,  here  described.  I  turn  it  by  a 
winch  fixed  on  the  gudgeon  of  the  axle  behind 
the  water  wheel ;  and  when  it  was  newly  made, 
and  the  pistons  had  valves  in  good  order,  I  put 
tin  pipes  1 5  feet  «high  upon  it,  when  they  were 
joined  together,  to  see  what  it  could  do ;  and 
I  found,  that  in  turning  it  moderately  by  the 
winch,  it  would  raise  a  hogshead  of  water  in  an 
hour,  to  the  height  of  15  feet. 


I  •/ 
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The  universal  Dialing  Cylinder^ 

ubrvemi  In  Fi^.  1,  of  Plate  VIII,  ABCD  represents  a 
^^  *y"  cylindncal  glass  tube,  closed  at'both  ends  with 
PtATt      ^^^^^  plates,  and  having  a  wire  or  axis  EFG 
vui,        fixed  in  the  centres  of  the  brass  plates  at  top 
%-'»Sup.aiid  bottom*    This  tube  is  fixed  to  a  horizontaJ 
board  Hy  and  its  axis  makes  an  anele  with  Ae 
board  equal  to  the  angle  of  the  earth's  axis  with 
the  horizon  of  any  given  place,  for  which  the 
cylinder  is  to  serve  as  a  diaL     And  it  must  be 
set  with  its  axis  parallel  to  the  axis  of  the  world 
in  that  plaq^ ;  the  end  E  pointing  to  the  ele- 
vated pole.     Or,  it  may  be  made  to  move  upon 
a  joint ;  and  then  it  may  be  elevated  for  any  par- 
ticular latitude.^ 

There  are  24  straight  lines,  drawn  with  a  dia- 
mond, on  the  outside  of  the  glass,  equi-distant 
from  each  other,  and  all  of  them  parallel  to  the 
axis.  These  are  the  hour-Knes  ^  and  the  houra 
are  set  to  them  as  in  the  figure  :  the  XU  next  B 
stands  for  midnight,  and  the  opposite  XII,  next 
the  board  H^  stands  for  mid-day  or  noon. 

The  axis  being  elevated  to  the  latitude  of  the 
place,  and  the  foot-board  set  truly  level,  with  the 
black  Une  along  its  middle  in  the  plane  of  the 
meridian,  and  the  end  JN  toward  the  north ;  the 
axis  EFG  will  serve  as  a  stile  or  gnomon,  and 
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oast  a  shadow  on  the  hour  of  the  day,  among  the 
parallel  hour-lines  when  the  sun  sidnes  on  die 
machine.  For,  as  the  sun's  apparent  diumiJi 
motion  is  equaUe  in  the  heavens,  the  shadow  of 
the  axis  will  moTe  equably  in  the  tube ;  and  will 
always  fall  upon  that  hour-line  which  is  opposite 
to  the  sun,  at  any  given  time. 

The  brass  plate  ^Z),  at  the  top,  is  parallel  to 
the  equator,  and  the  axis  EFG  is  perpendicular 
to  it.  If  right  lines  be  drawnfixHn  the  centre  of 
this  plate  to  the  upper  ends  of  the  equi-distant 
parallel  lines  on  the  outside  of  d^  tube  $  these 
right  lines  will  be  the  hour-lines  on  die  equi- 
noctial dial  jiD^  at  15^  distance  from  ^ich 
other :  and  the  hour  letters  may  be  set  to  thnn, 
as  in  the  fic^ure.  Then,  as  the  shadow  of  th^ 
axis  within  the  tube  comes  on  the  bour-fiaes  of 
that  tube,  it  will  cover  the  like  hour-lines  en 
the  equinoctial  plate  AD. 

If  a  thin  horizontal  plate  ef  be;  put  within  the 
tube,  so  as  its  edge  may  touch  the  tnbe  all 
around ;  and  right  tines  be  drawn  from  the  cen^ 
tre  of  the  plate  to  these  points  of  its  edge  which 
are  cut  by  the  parallel  hour-lines  on  the  tube ; 
these  right-lines  will  be  the  hour-lines  of  a  hori^ 
zontal  dial,  for  the  ladtude  to  which  die  tube  is 
elevated*  For,  as  the  shadow  of  the  axis  comes 
successively  to  the  hour-fines  of  die  tube,  and 
covers  them^  it  will  then  covor  the  like  hour- 
lines  on  the  horizontal  plate  eff  to  which  the 
hours  may  be  set,  as  in  the.  figures 

If  a  thm  vertical  (rfaie  ;  C,  be  put  within  the 
tube,  so  sis  to  front  tbe/meridiao,  or  12  o'clock 
lih^,  thereof,  and  the  ;edge  of  this  (date  touch 
die  tube  all  around :  and  then,  ,ji  right  Unes^^be 
drawn  from  the  centre  of  the  plate  to  those  fpQts 
p{  its  edge  which  are  cut  by  the  parallel  Ikjut- 
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lines  on  the  tube.;  these  right  lines  will  be  the 
hcmr-Unes  of  a  vertical  south  did ;  and  the  shar 
dow'ibf  the  axis  will  cover  tl\em  at  the  same 
times  when  it  covers  those  of  the  tube. 

If  a  thin  plate  be  put  within  the  tube  so  as  to 
decline,  or 'incline,  or  recline,  by  any  given  num« 
ber  of  degrees ;  and  right  lines  be  drawn  from 
its' centre  to  the  hour-lines  of  the  tube;  these 
right  lines  will  be  the  hour-lines  of  a  declining, 
inclining,  or  reclining,  dial,  answering  to  the  like 
namber  of  degrees,  for  the  latitude  to  which  the 
tube  is  elevated. 

'  And  thus,  by  this  simple  machine,  all  the  prin- 
cq^les  of  dialing  are  niade  very  plain  and  evi- 
dent to  the  sight.  And  the  axis  of  the  tube 
(which  is  panulel  to  the  axis  of  the  world  in 
ievery  latitude  to  which  it  is  elevated)  is  the  Mle 
or  gnomon  Jfor  all  the  diflFerent  Idnds  of  sun-dials; 

And,  lastly,  if  the  axis  of  the  tube  be  drawn 
oixt,  with  the  platesr  ^D,  ef,  and  g  C  upon  it ; 
and  set  it  up  in  sun-sfaine,  ki  the  same  position 
as  they  were  in  the  tube ;  you  will  have  an  equi- 
noctial dial  AlXf  a  horizontal  dial  e/,  and  a  ver- 
tical soudi  dial  gC;  on  all  which  the  time  of 
the  day  will  be  shewn  by  the  shadow  of  the  axis 
or  gnomon  EFG^ 

Let  US'  now  suppose  that,  instead  of  a  glass 
tube,  ji£  CD  is  a  cylinder  of  wood,  on  which 
•the  24f  pouallel  hour  lines  are  drawn  all  around,, 
at  equal  distances  from  each  other ;  and  that, 
from  the  points  at  top,  where  these  lines  end, 
right  lines  are  drawn  toward  the  centre,  on  the 
fiat  surface .  jiD :  these  right  Unes  will  be  the 
hour-lines  on  an  equinoctial  dial„  for  the  latitude 
of  the  place  to  which  the  cylinder  is  elevated 
above  the  horizontal  foot  or  pedestal  H;  and/ 
they  are  equidistant  from  each  other,. as  in  Fig..d» 
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i;iFhich  is  a  full  view  of  the  flat  surface  or  top  Kg.  i. 
AD  of  the  cylinder,  seen  obliquely  in  Fig.  1. 
And  the  axis  of  the  cylinder  (which  is  a  straight 
wire  EFG  all  down  its  middle)  is  the  stile  or 
gnomon,  which  is  perpendicular  to  the  plane  1 

of  the  equinoctial  dial,  as  the  earth's  axis  is  per- 
pendicular to  the  plane  of  the  equator.  ^ 

To  make  a  horizontal  dial,  by  the  cylinder,  ^ 

for  any  latitude  to  which  its  axis  is  elevated  \ 
draw  out  the  axis  and  cut  the  cylinder  quite 
through,  as  at  e  hfgy  parallel  to  the  horizontal 
board  H^  and  take  off  the  top  part  eADfe ;  and 
the  section  e  hfg  e  will  be  of  an  elliptical  form, 
as  in  Fig.  3.  Then,  from  the  points  of  this  f^.  3k 
section  (on  the  remaining  part  eBCf)y  where 
the  parallel  lines  on  the  outside  of  the  cylinder 
meet  it,  draw  right  lines  to  the  centre  of  the 
section ;  and  they  will  be  the  true  hour-lines  for 
a  horizontal  dial,  as  abcda  in  Fig.  3,  which 
may  be  included  in  a  circle  drawn  on  that  sec- 
tion. Then  put  the  wire  into  its  place  again, 
and  it  will  be  a  stile  for  casting  a  shadow  on  the 
time  of  the  day,  on  that  dial.  So  E  (Fig.  3)  is 
the  stile  of  the  horizontal  dial,  parallel  to  the 
axis  of  the  cylinder. 

To  make  a  vertical  south  dial  by  the  cylinder, 
draw  out  the  axis,  and  cut  the  cylinder  perpen- 
dicularly to  the  horizontal  board  //,  as  at  giCkgy 
beginning  at  the  hour-line  {BgeA)  of  XII,  and 
making  the  section  at  right  angles  to  the  line 
SHN  on  the  horizontal  board.  Then,  take 
off  the  upper  part  gA  D  C,  and  the  face  of  the 
section  thereon  will  be  elliptical,  as  shewn  in 
Fig.  4.  From  the  points  in  the  edge  of  thispig.4« 
section,  where  the  parallel  hour-lines  on  the 
rotmd  surface  of  the  cylinder  meet  it,  draw  right 
lines  to  the  centre  of  the  section ;  and  they  will 
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be  the  true  hour-lines  on  a  vertical  direct  south 
dial,  for  the  latitude  to  which  the  cylinder  was 
elevated ;  and  will  appear  as  in  Fig.  4,  on  vAikh 
the  vertical  dial  may  be  made  of  a  circular  shape* 
or  of  a  square  shape,  as  represented  in  the  figure  ( 
and  F  will  be  its  sdle  parallel  to  the  axis  of  the 
cylinder. 

And  thus,  by  cutting  the  cylinder  any  way, 
so  as  its  section  may  either  incline,  or  decline, 
or  recline,  by  any  given  number  of  degrees  ;  and 
from  those  points  in  the  edge  of  the  section, 
where  the  outside  parallel  hour-lines  meet  it, 
draw  right  lines  to  the  centre  of  the  section ;  and 
they  will  be  the  true  hour-lines  for  the  like  de^ 
climng,  reclining,  or  inclining,  dial:  and  the 
axis  of  the  cylinder  will  always  be  the  gnomon 
or  stile  of  the  dial ;  for,  whichever  way  the 
plane  of  the  dial  lies,  its  stile  (or  the  edge  thereof 
that  casts  the  shadow  on  the  hours  of  the  day) 
must  be  parallel  to  the  earth's  axis,  and  point 
toward  the  elevated  pole  of  the  heaven. 


To  delineate  a  sun-dial  on  paper ^  which,  whin 
pasted  round  a  cylinder  of  woodj  shall  shew  the 
time  of  the  day,  tlie  sun* s  place  in  the  ecliptic, 
and  his  altitude,  at  any  time  of  observation^ 
See  Plate  IX.     Sup. 

plati  IX,  Draw  the  right  line  aj4B,  parallel  to  the  top 
^^P-  of  the  paper ;  and  with  any  convaiient  openii^ 
of  the  compasses  set  one  foot  in  the  end  of  the 
line  at  a,  as  a  centre,  and  with  the  other  foot 
describe  the  quadrantal  arc  jiE,  and  divide  it 
into  90  equal  parts  or  degrees.  Draw  the  right 
line  AC,  ^  right  angles  to  aAB,  and  touchmg 
the  quadrant  ^  £  at  the  point  A.  Then,  from  the 
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centre  a^  draw  right  lines  through  as  many  de- 
grees of  the  quadrant  as  are  eqiud  to  the  sun's 
dtitude  at  noon,  on  the  IcMigest  day  of  the  year, 
at  the  place  for  which  the  dial  is  to  senre ;  which 
altitude  at  London  is  62  degrees :  and  condnuc 
these  right  lines  till  they  meet  the  tangent  line 
jiCj  and  from  these  points  of  meeting,  draw 
straight '  lines  across  the  paper,  parallel  to  the 
first  right  line  jiB^  and  they  will  be  the  paral- 
lels of  the  sun's  altitude,  in  whole  degrees,  from 
sun-rise  till  sun-set,  on  all  the  days  of  the  year. 
•-These  parallels  of  altitude  must  be  drawn  out 
to  the  right  line  BDj  which  must  be  parallel  to 
^Cj  and  as  far  from  it  as  is  equal  to  die  intend- 
ed circumference  of  the  cylinder  on  which  the 
paper  is  to  be  pasted,  when  the  dial  is  drawn 
upon  it. 

Divide  the  space  between  the  right  lines  ji  C 
and  B  D  (at  tc^  and  bottom)  into  twelve  equal 
parts,  for  the  twelve  signs  of  the  ecliptic  ;  and, 
from  mark  to  mark  of  these  divisions  at  top  and 
bottom,  draw  right  lines  parallel  to  AC  and 
B  D ;  and  place  the  characters  of  the  1 2  signs 
in  these  twelve  spaces,  at  the  bottom,  as  in  the 
figure :  beginning  with  v^  or  Capricorn,  and 
ending  with  x  or  Pisces.  The  spaces  including 
the  signs  should  be  divided  by  paraHel  lines  into 
halves  ;  and  if  the  breadth  will  admit  of  it  with- 
out confusion,  into  quarters  also. 

At  the  top  of  the  duil,  make  a  scale  of  the 
months  and  days  of  the  year,  so  as  the  days  may 
stand  over  the  sun's  place  for  each  of  them  in 
the  signs  of  die  ecliptic.  The  sun's  place,  for 
every  day  of  the  year,  may  be  found  by  any 
common  ephemeris  :  and  here  it  will  be  best  to 
make  use  of  an  ephemeris  for  the  second  year 
after  leap-year }  as  the  nearest  means  for  the  sun's 
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place  on  the  days  of  the  leap-year,  and  on  tlio^ 
f  the  first,  second,  and  third  vear  after. 
Compute  the  sun's  altitude  for  every  hour  (in; 
the  latitude  of  your  place),  when  he  is  in  Uie 
beginning,  middle,  and  end,  of  each  sign  of  the 
echptic ;  his  altitude  at  the  end  of  each  sign 
being  the  same  as  at  the  beginning  of  the  next. 
And,  in  the  upright  parallel  lines^  at  the  begin* 
ning  and  middle  of  each  sign,  make  marks  for 
those  computed  altitudes  among  the  horizontal 
parallek  of  altitude,  reckoning  them  downward, 
according  to  the  order  of  the  numeral  figures 
set  to  them  at  the  ri^t  hand,  answering  to  the 
like  division  of  the  quadrant  at  die  left ;  and, 
through  these  marks,  draw  the  curve  hour-lines, 
and  set  the  hours  to  them,  ^s  in  the  figure, 
reckoning  the  forenoon  hours  downward,  and 
fhe  afternoon  hours  upward.    The  sun's  altitude 
should  also  be  computed  for  the  half  hours ;  and 
the  quarter-lines  may  be  drawn,  very  nearly  in 
their  proper  places,  by  estimation  and  accuracy 
of  the  eye.    Then,  cut  off  the  paper  at  the  left 
hand,  on  which  the  quadrant  was  drawn,  close 
by  the  right  line  A  C,  and  all  the  paper  at  the 
right  hand  close  by  the  right  line  B  D ;  and  cut 
it  also  close  by  the  top  and  bottom  horizontal 
lines;  and  it  will  be  fit  for  pasting  round  the 
cylinder. 
platk  X,      This  cylinder  is  represented  in  miniature  by 
Fif.i.Sup.Fig^  1,  Plate  X.     It  should  be  hoUow,  to  hold 
the  stile  D  E  when  it  is  not  used.     The  crooked 
end  of  the  stile  is  put  into  a  hole  in  the  top  AD 
of  the  cylinder ;  and  the  top  goes  on  tightish, 
but  must  be  made  to  turn  round  on  the  cylinder, 
like  the  lid  of  a  paper  snuiF  bo^.    The  stile  must 
stand  straight  out,  perpdidicular  to  the  side  of 
the  cylinder,  just  over  the  right  line  A£  in 


DIALINO*  125 

Plate  IX,  where  the  parallels  of  the  sun's  alti-  p^ati  ix, 
tude  begin  :  and  the  length  of  the  stile,  or  dis-  ^^^' 
tance  of  its  point  e  from  the  cylinder,  must  be 
equal  to  the  radius  a  A  of  the  quadrant  AE  in 
Plate  IX. 


The  method  ofiising  this  dial  is  as  follow. ^-^ 

Place  the  horizontal  foot  B  C  of  the  cylinder  p^^tiX, 
on  a  level  table  where  the  sun  shines,  and  turn  *^'  **  "** 
the  top  w^D  till  the  stile  stands  just  over  the 
day  of  the  then  present  month.  Then  turn  the 
cylinder  about  on  the  table,  till  the  shadow  of 
the  stile  £dls  upon  it,  parallel  to  those  upright 
lines,  which  divide  the  signs,  that  is,  tUl  the 
fihadow  be  parallel  to  a  supposed  axis  in  the 
middle  of  the  cylinder :  and  then,  the  point,  or 
lowest,  end  of  the  shadow,  will  fall  upon  the 
time  of  the  day,  as  it  is  before  or  after  noon, 
among  the  curve  hour-lines ;  and  will  shew  the 
sun's  altitude  at  that  time,  among  the  cross  pa- 
rallels of  his  altitude,  which  go  round  the  cylin- 
der ;  and,  at  the  same  time,  it  will  shew  in  what 
sign  of  the  ecliptic  the  sun  then  is,  and  you  may 
very  nearly  guess  at  the  degree  of  the  sign,  by 
estimation  of  the  eye. 

The  ninth  plate,  on  which  this  dial  is  drawn, 
may  be  cut  out  of  the  book,  and  pasted  round  a 
cylmder  whose  length  is  6  inches  and  6  tenths  of 
an  inch  below  the  moveable  top ;  and  its  diameter 
2  inches  and  24  hundred  parts  of  an  inch. — Or, 
I  suppose  the  copper-plate  prints  of  it  may  be 
had  of  the  booksellers  in  London.  But  it  will 
only  do  for  London,  and  other  places  of  the 
same  latitude^ 

When  a  level  table  cannot  be  had,  the  dial 
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.4iaf  be  hung  by  the  ring  F  at  the  top ;  and  when 
it  B  not  used,  the  wire  that  serves  for  a  stile  may 
be  drawn  out,  and  put  up  withm  the  cylinder ; 
and  the  machine  carried  in  the  pocket. 


To  make  three  Sundials  upon  three  different 
planesy  so  as  they  may  all  shew  the  time  of  the 
day  by  one  gnomon. 

r  ^^*s^'      On  the  flat  board  AB  C^  describe  a  horizontal 

^     "^*dial,  according  to  any  of  the  rules  laid  down  in 

the  Lecture  on  Dialing;  and  to  it  fix  its  gnomon 

FG  H^  die  edge  of  the  shadow  from  the  ade 

FG  bang  that  which  shews  the  time  of  the  day. 

To  this  horizontal  or  flat  board,  join  the  up- 
right board  EDC^  touching  the  edge  GHoftht 
gnomon.  Then,  making  the  top  of  the  gnomon 
at  G  the  centre  c^  the  vertical  south  dial,  describe 
a  south  dial  on  the  board  EDC. 

Lastly,  on  a  circular  plate  IK  describe  an 
equinoctial  dial,  all  the  hours  of  which  dial  are 
equidistant  from  each  other ;  and  making  a  slit 
cdin  that  dial,  from  its  edge  to  its  centre,  in  the 
XII  o'clock  line,  put  the  said  dial  perpendicu- 
larly on  the  gnomon  FG,  as  far  as  the  slit  will 
admit  of;  and  the  triple  iUal  will  be  finished ;  the 
same  gnomon  serving  all  the  three,  and  shewing 
the  same  time  of  the  day  on  each  of  them,' 


'  Tkit  dial  may  be  converted  into  a  portable  and  uni- 
versal one  by  a  very  simple  contrivance.  Remove  the  stile 
FHG  and  the  dial  K^  and  make  ED  C  turn  upon  HC 
as  a  hin|rey  so  that  it  may  fold  down  upon  A  B9  and  that 
go  into  vtry  small  compass  when  not  used.  Fix  a  silk 
thread  at  F,  and  having  divided  the  line  G  H  continued* 
into  a  line  of  tangents  for  the  radius  FH^  make  a  smaD 

hole 
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An  universal  Dial  on  a  plain  cross^ 

This  dial  is  represented  by  Kg.  1,  of  Plate  Uf^^w* 
XI,  and  is  moveable  on  a  joint  C,  for  elevating  p^ati  xi. 
it  to  any  given  latitude,  on  the  quadrant  C  9  90,  ^»g-  »*  *»?- 
as  it  stands  upon  the  horizontal  board  A.    The 
arms  of  the  cross  stand  at  right  angles  to  the 
middle  part ;  and  the  top  of  it  from  a  to  n,  is  of 
equal  length  with  either  of  the  arms  ne  or  mk. 

Having  set  the  middle  line  tu  to  the  latitude 
of  your  place,  on  tha  quadrant,  the  board  A 
level,  and  the  point  N  northward  by  the  needle ; 
the  plane  of  the  cross  will  be  parallel  to  the 
plane  of  the  equator ;  and  the  machine  vtrill  be 
rectified. 

Then,  from  III  o'clock  in  the  morning,  till 
VI,  the  upper  edge  k  I  of  the  arm  i  o  will  cast  a 
shadow  on  the  time  of  the  day  on  the  side  of  the 
arm  c  m  :  from  VI  till  IX  the  lower  edge  /  of 
the  arm  i  o  will  cast  a  shadow  on  the  hours  on 
the  side  o  q.  From  IX  in  the  morning  till  XII 
at  noon,  the  edge  a  &  of  the  top  part  a  n  will  cast 
a  shadow  on  the  hours  on  the  arm  n  ef:  from 
XII  to  III  in  the  afternoon,  the  edge  c  (^  of  the 
top  part  will  cast  a  shadow  on  the  hours  on  the 


hole  through  the  board  at  eveiy  degree  of  the  line  of  tan- 
gents. Extend  the  silk  thnead  from  F  towards  G,  making 
it  pass  through  the  hole  at  the  degree  of  the  line  of  tan- 
gents answenoff  to  the  latitude  of  the  place*  The  thread 
will  then  be  the  gnomon  of  the  horizontal  dial  A  B  C^ 
which  is  set  due  south,  by  means  of  a  small  mariner's  com- 
pass  placed  between  F  and  H^  allowance  being  made  for 
the  variation.  The  rertical  south  dial  E  C  serves  malj  for 
a  place»  the  tangent  of  whose  latitude  is  equal  to  HG. 
This  dial  is  not  altogether  correct,  but  is  remarkably  con* 
fcnient  for  carrying  u  the  pocket. — Ed. 
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arm  him :  from  III  to  VI  in  the  evening  the 
edge  g  h  vdli  cast  a  shadow  on  the  hours  on  the 
part  ps ;  and  from  VI  till  IX,.  the  shadow  of 
the  edge  ef  will  shew  th^  time  on  the  top  part 
Q.n*  * 

The  breadth  of  each  part  a  by  efy  &c.  must 
be  so  great  as  never  to  let  the  shadow  fall  quite 
without  the  part  or  arm  on  which  the  hours  are 
marked,  when  the  sun  is  at  his  greatest  declina- 
tion from  the  eqiiator. 

To  determidii  the  breadth  of  the  sides  of  the 
arms  which  contain  the  hours,  so  as  to  be  in  just 
proportion  to  their  length*  maJke  an  angle  ji  B  C 
0%.ju  (Fig.  2)  of  234-'',  which  is  equal  to  the  sun's 
greatest  declination :  and  suppose  the  length  of 
each  arm,  from  the  side  of  the  long  middle  part, 
and  also  the  length  of  the  top  part  above  the 
arms,  to  be  equal  to  B  d. 

Then^  as  the  edges  of  the  shadow  from  each 

of  the  arms,  will  be  parallel  to  B  Oj   making 

an  angle  of  23^^  with  the  side  B  n  o(  the 

'  ?  arm  when  the  sun's  declination  is  23y^  ;  it  is 

I  *  plain,  that  if  the   length   of  the  arm  be  B  n, 

*  the  least  breadth  that  it  can  have,  to  keep  the 

edge  B  0  of  the  shadow  B og  d  from  going  oflF 
the  aide  of  the  arm  n  o  before  it  comes  to  the 
end  0 n  thereof,  must  be  equal  to  on  or  dB. 
But  in  order  to  keep  the  shadow  withia  the  quar- 
ter divisions  of  the  hours,  when  it  comes  near 
the  end  of  the  arm,  the  breadth  thereof  should 
be  still  greater,  so  as  to  be  almost  doubled,  on 
account  of  the  distance  between  the  tips  of  the 
arms. 

To  place  the  hours  right  on  the  arms,  take  the 
following  method. — 
Pig.  3.  Lay  down  the  cross  abed  (Fig.  3)  on  a  sheet 

of  paper ;  and  with  a  black  lead  pencil,  hel4 
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close  to  it,  draw  its  shape  and  size  on  the  paper. 
Then,  taking  the  length  a  e  in  your  compasses, 
and  setting  one  foot  in  the  comer  a,  with  the 
other  foot  describe  the  quadrantal  arc  eyi^^Di- 
vide  this  arc  into  six  equal  parts,  and  through 
the  division  marks  draw  right  lines  ag^  ahj  &c« 
continuing  three  of  them  to  the  arm  c  e,  which 
are  all  that  csui  fall  upon  it ;  and  they  will  meet 
the  arm  in  these  points  through  which  the  lines 
that  divide  the  hours  from  each  other  (as  in  Fig. 
1)  are  to  be  drawn  right  across  it. 

Divide  each  arm,  for  the  three  hours  it  con- 
tains in  the  same  manner ;  and  set  the  hours  to 
their  proper  places  (on  the  sides  of  the  arms),  as 
they  are  marked  in  Fig.  S.  Each  of  the  hour 
spaces  should  be  divided  into  four  equal  parts, 
for  the  half  hours  and  quarters,  in  the  quadrant 
ef;  and  right  lines  should  be  drawn  through 
these  division  marks  in  the  quadrant,  to  the  arms 
of  the  cross,  in  order  to  determine  the  places 
thereon  where  the  sub-divisions  of  the  hours 
must  be  marked. 

This  is  a  very  simple  kind  of  imiversal  dial ; 
it  is  very  easily  made,  and  will  have  a  pretty  un- 
common appearance  in  a  garden. — I  have  seen  a 
dial  of  this  sort,  but  never  saw  one  of  the  kind 
that  follows. 


Fol.  J  J. 
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An  universal  Dial,  shewing  tfie  hours  of  the  day 
by  a  terrestrial  globe,  and  by  the  shadows  of 
several  gnomons  at  the  same  time:  together 
with  all  the  places  of  the  earth  which  are  then 
enlightened  by  the  sun  ;  and  those  to  ivhich  the 
sfin  is  then  risings  or  on  the  meridianj  or  set* 
ting. 

univenii  This  dial  (See  Plate  XII,)  is  made  of  a  thick 
^l^^  square  piece  of  wood,  or  hollow  metal.  The 
globe  and  sides  are  cut  into  semicircular  hollows,  in  which 
KYcni  ^|jg  hours  are  placed ;  the  stile  of  each  hollow 
platc  coming  out  from  the  bottom  thereof,  as  far  as 
XII,  Sap.  ^jj^  gj^gg  ^f  ^jjg  hoHows  project.     The  comers 

are  cut  out  into  angles,  in  the  insides  of  which, 
the  hours  are  also  marked  ;  and  the  edge  of  the 
end  of  each  side  of  the  angle  senres  as  a  stile 
for  casting  a  shadow  on  the  hours  marked  on  the 
other  side. 

In  the  middle  of  the  uppermost  side  or  plane, 
there  is  an  equinoctial  dial :  in  the  centre  where- 
of an  upright  wire  is  fixed,  £Dr  casting  a  shadow 
on  the  hours  of  that  dial,  and  supportmg  a  small 
terrestrial  globe  on  its  top. 

The  whole  dial  stands  on  a  pillar,  in  the  middle 
of  a  round  horizontal  board,  in  which  there  is  a 
compass  and  magnetic  needle,  for  placing  the 
meridian  stile  toward  the  south.  The  pillar  has 
adjoint  with  a  quadrant  upon  it,  divided  into  QO 
degrees  (supposed  to  be  hid  from  sight  under  the 
dijd  in  the  figure),  for  setting  it  to  the  latitude  of 
any  given  place,  the  same  way  as  already  describ- 
ed in  the  dial  on  the  cross. 

The  equator  of  the  globe  is  divided  into  24 
equal  parts,  and  the  hours  are  laid  down  uj  on 
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it  at  these  parts.  The  time  of  the  day  may  be 
known  by  these  hours,  when  the  sun  shines  upon 
the  globe. 

To  rectify  and  use  this  dial,  set  it  on  a  level 
table,  or  sole  of  a  window,  where  the  sun  shines, 
placing  the  meridian  stile  due  south,  by  means 
of  the  needle ;  which  will  be,  when  the  needle 
points  as  far  from  the  north  fleur-de-lis  toward 
the  west,  as  it  declines  westward,  at  your  place.* 
Then  bend  the  pillar  in  the  joint,  till  the  black 
Kne  on  the  pillar  comes  to  the  latitude  of  your 
place  in  the  quadrant. 

The  machine  being  thus  rectified,  the  plane 
of  its  dial-part  will  be  parallel  to  the  equator, 
the  wire  or  axis  that  supports  the  globe  will  be 
parallel  to  the  earth's  axis,  and  the  north  pole  of 
the  globe  will  point  toward  the  north  pole  of  the 
heaven. 

The  same  hour  will  then  be  shewn  in  several 
of  the  hollows,  by  the  ends  of  the  shadows  of 
their  respective  stiles.  The  axis  of  the  globe 
will  cast  a  shadow  on  the  same  hour  of  the  day, 
in  the  equinoctial  dial,  in  the  centre  of  which 
it  is  placed,  from  the  20'**  of  March  to  the  22* 
of  September ;  and,  if  the  meridian  of  your  place 
on  the  globe  be  set  even  with  the  meridian  stile, 
all  the  parts  of  the  globe  that  the  sun  shines 
upon,  will  answer  to  those  places  of  the  real 
earth  which  are  then  enlightened  by  the  sun. 
The  places  where  the  shade  is  just  coming  upon 
the  globe,  answer  all  to  those  places  of  the  earth 
to  which  the  sun  is  then  setting ;  as  the  places 


*  As  the  declination  of  the  needle  is  very  uncertain^  and 
varies  even  at  the  same  place,  the  dial  should  be  rectified 
by  means  of  a  meridian  line,  drawni  upon  the  side  of  the 
window. — £d. 
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where  it  is  going  off,  and  the  light  coming  on, 
answer  to  all  those  places  of  the  earth  where  the 
.  sun  is  then  rising.  And,  lastly,  if  the  hour  of 
VI  be  marked  on  the  equator  in  the  meridian 
of  your  place  (as  it  is  mirked  on  the  meridian 
of  London  in  the  figure),  the  division  of  the 
light  and  shade  on  the  globe  will  shew  the  time 
of  the  day, 

The  northern  stile  of  the  dial  (opposite  to  the 
southern  or  meridian  one)  is  hid  from  sight  in 
the  figure,  by  the  axis  of  the  globe.  The  hours 
in  the  hollow  to  which  that  stile  belongs,  are  also 
supposed  to  be  hid  by  the  oblique  view  of  the 
figure ;  but  they  are  the  same  as  the  hours  in 
the  front  hollow.  Those  also  in  the  right  and 
left  hand  semicircular  hollows  are  mostly  hid 
from  sight ;  and  so  also  are  all  those  on  the  sides 
next  the  eye  of  the  four  acute  angles. 

The  construction  of  this  dial  is  as  follows.  See 

On  a  thick  square  piece  of  wood,  or  metal, 
draw  the  lines  a  c  and  h  djzshr  from  each  other 
as  you  intend  for  the  thickness  of  the  stile  abcd^ 
and  in  the  same  manner,  draw  the  like  thickness 
of  the  other  three  stiles,  efgh^  iklm^  and  nopq^ 
all  standing  outright  as  from  the  centre. 

With  any  convenient  opening  of  the  com- 
passes, as  a -^  (so  as  to  leave  proper  strength 
of  stuff  when  K I  is  equal  to  a  A)  set  one  foot 
in  ^5  as  a  centre,  and  with  the  other  foot  de- 
scribe the  quadrantal  arc  Ac.  Then,  without 
altering  the  compasses,  set  one  foot  in  &  as  a 
centre,  and  with  the  other  foot  describe  the 
quadrant  d  B.  All  the  other  quadrants  in  the 
figure  must  be  described  in  the  same  manner, 
and  with  the  same  opening  of  the  compasses, 
on  their  centres  e^f;  i,  k ;  and  n,  o :  and  each 
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quadrant  divided  into  six  equal  parts,  for  so  many 
hours,  as  in  the  figure;  each  of  which  parts 
must  be  subdivided  into  four,  for  the  half  hours 
and  quarters. 

At  equal  distances  from  each  comer,  draw  the 
right  lines  Ip  and  ATp,  L  q  and  Mq^  Nr^  and 
Or^  Psj  and  Qs;  to  form  the  four  angular 
hollows  IpKj  Lq Mj  Nr  0,  and  PsQ:  mak- 
ing the  distances  between  the  tips  of  the  hol- 
lows, as  IKj  LMj  NO,  and  PQ,  each  equal  to 
the  radius  of  the  quadrants  ;  and  leaving  suffi- 
cient room  within  the  angular  points,  p,  y,  r, 
and  Sj  for  the  equinoctial  circle  in  the  middle. 

To  divide  the  insides  of  these  angles  properly 
for  the  hour-spaces  thereon,  take  the  following 
method. 

Set  one  foot  of  the  compasses  in  the  point  /, 
as  a  centre  ;  and  open  the  other  to  AT,  and  with 
that  opening  describe  the  arc  K  t :  then,  with- 
out altering  the  compasses,  set  one  foot  in  AT, 
and  with  the  other  foot  describe  the  arc  //.  Di- 
vide each  of  these  arcs,  from  /  and  K  to  their 
intersection  at  t,  into  four  equal  parts ;  and  from 
their  centres  1  and  AT,  through  the  points  of  di- 
vision, draw  the  right  lines  jf  S,  /  4,  /  5,  /  6, 
n  ;  and  AT 2,  ATI,  K\2,  ATll ;  and  they  will 
meet  the  sides  Kp  and  Ip  of  the  angle  Ip  K 
where  the  hours  thereon  must  be  placed.  And 
these  hour-spaces  in  the  arcs  must  be  subdivid- 
ed into  four  equal  parts,  for  the  half  hours  and 
quarters.  Do  the  like  for  the  other  three  angles, 
and  draw  the  dotted  lines,  and  set  the  hours 
in  the  insides  where  those  lines  meet  them,  as  in 
the  figure  :  and  the  like  hour-lines  will  be  paral- 
lel to  each  other  in  all  the  quadrants  and  in  the 
angles. 

Mark  points  for  all  these  hours,  on  the  upper 
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side,  and  cut  out  all  the  angular  hollows,  and 
the  quadrantal  ones,  quite  through  the  places 
where  their  four  gnomons  must  stand ;  and  lay 
down  the  hours  on  their  insides,  as  in  Plate  XII, 
and  then  set  in  their  four  gnomons,  which  must 
be  as  broad  as  the  dial  is  thick ;  and  this  breadth 
and  thickness  must  be  large  enough  to  keep  the 
shadows  of  the  gnomons  from  ever  falling  quite 
out  at  the  sides  of  the  hollows,  even  when  the 
sun's  declination  is  at  the  greatest. 

Lastly,  draw  the  equinoctial  dial  in  the  middle, 
all  the  hours  of  which  are  equidistant  from  each 
other  ;  and  the  dial  will  be  finished. 

As  the  sun  goes  round,  the  broad  end  of  the 
shadow  of  the  stile  abed  will  shew  the  hours 
in  the  quadrant  A  c,  from  sun-rise  till  VI  in  the 
morning ;  the  shadow  from  the  end  AI  v/ill  shew 
the  hours  on  the  side  L  ry  from  V  to  IX  in  the 
morning  ;  the  shadow  of  the  stile  efg  h  in  the 
quadrant  D  g  (in  the  long  days)  will  shew  the 
hours  from  sun-rise  till  VI  in  the  morning ;  and 
the  shadow  of  the  end  'N  will  shew  the  morning 
hours,  on  the  side  0  r,  from  III  to  VII. 

Just  as  the  shadow  of  the  northern  stile  abed 
goes  off  the  quadrant  j4cj  the  shadow  of  the 
southern  stile  iklm  begins  to  fall  within  the 
quadrant  F  /,  at  VI  in  the  morning ;  and  shews 
the  time,  in  that  quadrant,  from  VI  till  XII  at 
noon ;  and  from  noon  till  VI  in  the  evening  in 
the  quadrant  m,E.  And  the  shadow  of  the  end 
0  shews  the  time  from  XI  in  the  forenoon  till 
III  in  the  afternoon,  on  the  side  rN;  as  the 
shadow  of  the  end  P  shews  the  time  from  IX  in 
the  morning  till  I  o'clock  in  the  afternoon,  on 
the  sides  Q  s. 

At  noon,  when  the  shadow  of  the  eastern  stile 
efg  h  goes  off  the  quadrant  h  C  (in  which  it 
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shewed  the  time  from  six  in  the  morning  till 
noon,  as  it  did  in  the  quadrant  g  D  from  sup- 
rise  till  VI  in  the  morning  (the  shadow  of  the 
western  stile  nopq  begins  to  enter  the  quadrant 
Hp ;  and  shews  the  hours  thereon  from  XII  at 
noon  till  VI  in  the  evening ;  and  after  that  till 
^un-set,  in  the  quadrant  q  G ;  and  the  end  Q 
casts  a  shadow  on  the  side  P  s  from  V  in  the 
evening  till  IX  at  night,  if  the  sun  be  not  set  be- 
fore that  time. 

The  shadow  of  the  end  /  shews  the  time  on 
the  side  Kp  from  HI  till  VII  in  the  afternoon ; 
and  the  shadow  of  the  stile  abed  shews  the 
time  from  VI  in  the  evening  till  the  sun  sets. 

The  shadow  of  the  upright  central  wire,  that 
supports  the  globe  at  top,  shews  the  time  of  the 
day,  in  the  middle  or  equinoctial  dial,  all  the 
summer  half  year,  when  the  sun  is  on  the  north 
side  of  the  equator. 

In  this  Supplement  to  my  book  of  Lectures, 
all  the  machines  that  I  have  added  to  my  appar- 
atus, since  that  book  was  printed,  are  described, 
excepting  two  ;  one  of  which  is  a  model  of  a 
mill  for  sawing  timber,  and  the  other  is  a  model 
of  the  great  engine  at  London  bridge,  for  raising 
water.  And  my  reasons  for  leaving  them  out  are 
as  follows. 

First,  I  found  it  impossible  to  make  such  a 
drawing  of  the  saw-mill  as  could  be  understood  ; 
because  in  whatever  view  it  be  taken,  a  great 
many  parts  of  it  hid  others  from  sight.  And,  in 
order  to  shew  it  in  my  Lectures,  I  am  obliged  to 
turn  it  into  all  manner  of  positions.^ 


'   For  the  plan  and  elevation  of  a  Saw-mill,  sec  Gray's 
Experienced  Mill-wright,  lately  published,  p.  O'S-    For  the 

method 
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Secondly,  because  any  person  who  looks  on 
Fig.  J  of  Plate  XII  in  the  book,  and  reads  the 
account  of  it  in  the  fifth  Lecture  therein,  will 
be  able  to  form  a  very  good  idea  of  the  London* 
bridge  engine,  which  has  only  two  wheels  and 
two  trundles  more  than  there  are  in  Mr.  Alder- 
sea's  engine,  from  which  the  said  figure  was 
taken. 


method  of  constructing  one,  see  Wolfii  Opera  Mathematical 
tom.  iy  p.  6^9  and  fioecklerus's  Theatrum  Machmanim. 
An  excellent  saw-mill  was  invented  by  Mr.  James  Stan- 
fieldy  in  the  year  1765 9  for  which  he  received  a  reward  of 
one  hundred  pounds  from  the  society  for  the  encourage- 
inent  of  arts.  The  original  mill  which  Mr.  Stanfield  con- 
structedy  was  worked  for  five  successive  years,  in  conse- 
quence of  successive  premiums  offered  and  paid  by  the  so- 
ciety, amountingi^in  all,  to  two  hundred  and  twenty  pounds. 
A  description  of  this  machine,  illustrated  by  five  folio  plates, 
will  be  found  in  Bailey* t  Designs  of  Machines ^  &c.  approved 
and  adopted  by  the  society  for  the  encouragement  of  arts,  vol.  i, 
p.  137.— £d. 
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MECHANICS. 

©N  THE  CONSTRUCTION  OP  UNDERSHOT  WATER 
WHEELS  FOR  TURNING  MACHINERY. 

Although  no  country  has  been  more  distin- 
guished than  this,  by  its  discoveries  and  im- 
provements in  the  mathematical  sciences,  yet  no- 
where have  these  improvements  less  effectually 
contributed  to  the  advancement  of  the  mechanic- 
al arts.  The  discoveries  of  our  philosophers, 
particularly  in  the  construction  of  machinery, 
have  been  locked  up  in  the  recesses  of  alge- 
braical formulae ;  and  one  would  have  imagined, 
that  they  deemed  it  beneath  their  dignity  to  level 
their  speculations  to  the  capacity  of  common 
artists.  On  this  account,  the  mill-wrights  cf 
this  country  arc  still  guided  by  their  o^^ti  pre- 
judices ;  and,  if  they  are  furnished  with  some 
useful  hints  and  maxims  by  the  few  practical 
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treaties  which  are  to  be  met  with,  they  are  left 
in  the  dark  to  be  directed  by  their  own  judg- 
ment, in  the  most  important  parts  of  the  con- 
struction. In  the  preceding  lectures,  Mr.  Fer- 
guson has  given  some '  useral  directions  for  the 
construction  of  com  mills ;  but  as  these  are  too 
limited  to  be  of  extensive  utility,  we  shall  en- 
deavour to  supply  the  defect,  by  treating  this 
important  subject  at  considerable  length.  Let  us 
begin,  then,  by  shewing  the  method  of  construct- 
ing the  mill  course,  and  delivering  the  water  on 
the  wheel. 


On  the  construction  of  the  Mill  Course. 

ontiiemiil  As  it  is  of  the  highest  importance  to  have  the 
**"*•  height  of  the  fall  as  great  as  possible,  the  bot- 
tom of  the  canal,  or  dam,  which  conducts  the 
water  from  the  river,  should  have  a  very  small 
declivity ;  for  the  height  of  the  water-fall  will 
diminish  in  proportion  as  the  declivity  of  the 
canal  is  increased.  On  this  account,  it  will  be 
Plate  I,  Sufficient  to  make  ji  B  (Fig.  1 )  slope  about  one 
^^  inch  in  200  yards,  taking  care  to  make  the  de- 
clivity about  half  an  inch  for  the  first  48  yards^ 
in  order  that  the  water  may  have  a  velocity  suffi- 
cient to  prevent  it  from  flowing  back  into  the 
river.  The  inclination  of  the  fall,  represented 
by  the  angle  G  C  R,  should  be  25^  50^ ;  or  C  iB, 
the  radius,  should  be  to  GR  the  tangent  of  this 
angle,  as  100  to  48,  or  as  25  to  12 ;  and  since 
the  surface  of  the  water  S  b  is  bent'  from  a  b 
into  a  c,  before  it  is  precipitated  down  the  fall,  it 
will  be  necessary  to  incurvate  the  upper  part 
B  CD  of  the  course  into  B  Z>,  that  the  water 
at  the  bottom  may  move  parallel  to  the  water  at 
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the  top  of  the  stream.  For  this  purpose,  take 
the  points  B^  Dj  about  12  inches  distant  from  C, 
and  raise  the  perpendiculars  B  E^  D  E :  the 
point  of  intersection  E  will  be  the  centre  from 
which  the  arch  B  D  is  to  be  described  ;  the  ra- 
dius being  about  10^  inches*  Now,  in  order 
that  the  water  may  act  more  advantageously  up- 
on the  float-boards  of  the  wheel  fTfTj  it  must 
assume  a  horizontal  direction  HK^  with  the  same 
velocity  which  it  would  have  acquired  when  it 
came  to  the  point  G :  But,  in  falling  frtnn  C  to 
G,  the  water  will  dash  upon  the  horizontal  part 
H  G,  and  thus  lose  a  great  part  of  its  velocity  ; 
It  will  be  proper,  therefore,  to  make  it  move 
along  FH  3n  arch  of  a  circle  to  which  D  F  and 
K  H  2re  tangents  in  the  points  F  and  H.  For 
this  purpose  make  G  F  and  G  H  each  equal  to 
three  feet,  and  raise  the  perpendiculars  -ff  /,  Fly 
which  will  intersect  one  another  in  the  point  / 
distant  about  4  feet  9  inches  and  4-10  from 
the  points  F^  and  Hj  and  the  centre  of  the  arch 
FH  will  be  determined.  The  distance  HKj 
through  which  the  water  runs  before  it  acts  up- 
on the  wheel,  should  not  be  less  than  two  or 
three  feet,  in  order  that  the  different  portions  of 
the  fluid  may  have  obtained  a  horizontal  direc- 
tion :  and  if  HK  he  much  larger,  the  velocity 
of  the  stream  would  be  diminished  by  its  fric- 
tion on  the  bottom  of  the  course.  That  no 
water  may  escape  between  the  bottom  of  the 
course  KH  and  the  extremities  of  the  float- 
boards,  K  L  should  be  about  3  inches,  and  the 
extremity  o  of  the  float-board  n  o  should  be  be-  , 
neath  the  line  HKX^  suflicient  room  being  left 
between  o  and  M  for  the  play  of  the  wheel,  or 
K  L  M  may  be  formed  into  the  arch  of  a  circle 
KM  concentric  with  the  wheel.  The  line  L  MF, 
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called  by  M.  Fabre,  the  course  of  impulsion  (le 
coursier  (Pimpulsim)  should  be  prolonged,  so 
as  to  support  the  water  as  long  as  it  can  act  up- 
on the  float-boards,  and  should  be  about  9  inches 
distant  from  0  P,a  horizontal  line  passing  through 
O  the  lowest  point  of  the  fell ;  for  if  0  X  were 
much  less  than  9  inches,  the  water  having  spent 
the  greater  part  of  its  force  in  impelling  the 
float-boards,  would  accumulate  below  the  wheel 
and  retard  its  motion.  For  the  same  reason, 
another  course^  which  i&  called  by  M.  Fabre,  the 
course  of  discharge  (/e  coursier  de  decharge) 
should  be  connected  with  LMF]  by  the  curve 
f^A,  to  preserve  the  remaining  velocity  of  the 
water,  which  would  otherwise  be  destroyed  by 
felling  perpendicularly  from  f^to  N.  The  course 
of  discharge  is  represented  by  ^Z,  sloping  from 
the  point  0.  It  should  be  about  ]  6  yards  long, 
having  an  inch  of  declivity  in  every  two  yarcb. 
The  canal  which  reconducts  the  water  from  the 
course  of  discharge  to  the  river,  should  slope 
about  4  inches  in  the  first  200  yards,  3  inches 
in  the  second  200  yards,  decreasing  gradually 
till  it  terminates  in  the  river.  But  if  the  river 
to  which  the  water  is  conveyed,  should,  when 
swoln  by  the  rains,  force  the  water  back  upon 
the  Wheel,  the  canal  must  have  a  greater  decli- 
vity, in  order  to  prevent  this  from  taking  place. 
Hence  it  will  be  evident,  that  very  accurate  level- 
ling is  necessary  for  the  proper  formation  of  the 
mill  course. 

In  order  to  find  the  breadth  of  the  course  of 
discharge,  multiply  the  quantity  of  water  ex- 
pended in  a  second,'  measured  in  cubic  feet,  by 


£  The  quantity  of  water  expended  in  a  second  may  he 
found  pretty  accurately  by  measuring  the  depth  of  the  wa- 
ter 
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756,  for  a  first  number.  Multiply  the  square 
root  of  dK  (jdK  being  found  by  subtracting 
OK  or  P Ry  each  equal  to  a  foot,  from  d 0  or 
b  /J,  the  height  of  the  fall)  by  OX,  or  ^  of  a 
foot,  and  also  by  1000,  and  the  product  will 
be  a  second  number.  Divide  the  first  number 
by  the  second,  and  the  quotient  will  be  nearly 
the  least  breadth  of  the  course  of  discharge.  If 
the  breadth  of  the  course,  thus  found,  should 
be  too  great  or  too  small,  the  point  L  has  been 
placed  too  hr  from  0  or  too  near  it.  Increase, 
therefore,  or  diminish  0  L ;  and  having  sub* 
tracted  from  dO  or  b  P^  the  quantity  by  which 
0  jK^  is  greater  or  less  than  a  foot,  repeat  the 
operation  with  this  new  value  of  d  Ky  and  a  more 
convenient  answer  will  be  found.  The  preced- 
ing rule  will  give  too  large  a  breadth  to  the 
course,  when  the  expence  of  water  is  great,  and 
the  height  of  the  fall  inconsiderable.  But  the 
course  of  discharge  ought  always  to  have  a  very 
considerable  breadth,  and  which  should  be  greater 
than  that  of  the  course  of  impulsion,  that  the  water 
having  room  to  spread,  may  have  less  depth ;  and 
that  a  greater  height  may  be  procured  to  the  fell, 
by  making  OZ,  and  consequently  OiT,  as  small  as 
possible ;  for  the  breadth  of  the  course  is  inversely 
as  O  Z/,  that  is,  it  increases  as  0  Zr  diminishes, 
and  diminishes  as  it  increases.     The  reader  may 

ter  at  a,  [ji  B^  the  bottom  of  the  canal,  being  nearly 
horizontal,  and  its  sides  perpendicular)^  and  the  breadth 
of  the  canal  at  the  same  place.  Take  the  cube  of  the 
depth  of  the  water  in  feet,  and  extract  the  square  root  of 
it.  Multiply  this  root  by  the  breadth  of  the  canals  and 
also  by  50/.  Divide  the  product  by  ]00f  and  the  quo« 
tient  will  be  the  expence  of  water  in  a  second,  measured  is 
cubic  feet.     This  rule  is  founded  on  the  formula,  x=5.07i 

hxd    9  where  x  is  the  quantity  of  water  expended  in  a 
second,  b  the  breadth  of  the  canal,  and  d  its  depth. 
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suppose  that  this  rule  still  leaves  us  to  guess  at 
the  breadth  of  the  course  of  discharge ;  but^ 
from  the  purposes  for  which  it  is  used^  it  is  easy 
to  know  when  it  is  excessively  large  or  small ; 
and  it  is  only  when  this  is  the  case,  that  we  have 
any  occasion  to  seek  for  another  breadth,  by  tak- 
ing a  new  value  of  0  L. 

The  section  of  the  fluid  at  K  should  be  rect- 
angular, the  breadth  of  the  stream  having  a  de- 
terminate relation  to  its  depth.  If  there  is  very 
much  water,  the  breadth  should  be  triple  the 
depth ;  if  there  is  a  moderate  quantity,  the 
breadth  should  be  doable  the  depth;  and,  if 
there  is  very  little  water,  the  breadth  and  depth 
should  be  equal.  That  this  relation  may  be  pre- 
served, the  course  at  the  point  K  must  have  a 
certain  breadth,  which  may  be  thus  found : — 
Divide  the  square-root  of  dK  (found  as  before) 
by  the  quantity  of  vrater  expended  in  a  second, 
and  extract  the  square-root  of  the  quotient. 
Multiply  this  root  by  .623,  if  the  breadth  is  to 
be  triple  the  depth ;  by  .515,  if  it  is  to  be  double; 
and  by  .364,  if  they  are  to  be  equal,  and  the 
product  will  be  the  breadth  of  the  course  at  K. 
The  depth  of  the  water  at  Kis  therefore  known, 
being  either  one  third,  or  one  half  of  the  breadth 
of  the  course,  or  equal  to  it,  according  to  the 
quantity  of  water  furnished  by  the  stream. 
PtATE  I,  In  Fig.  1,  6  P  is  called  the  absolute  fall j  which 
^'  is  found  by  levelling.  Draw  the  horizontal  lines 
bd,  P  0 ;  dO  will  thus  be  equal  to  b  P,  and 
will  likewise  be  the  absolute  fall.  The  relative  fall 
is  the  distance  of  the  point  d  from  the  surface 
of  the  water  at  -K,  when  the  depth  of  the  water 
•  is  considerably  less  than  d  Kj  but  is  reckoned 
from  the  middle  of  the  water  at  iT,  when  dK  is 
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very  smalL*  The  relative  fall,  therefore,  may 
be  determined  by  subtracting  0  K,  which  is  ge- 
nerally a  foot,  from  the  absolute  fall  d  0,  and 
by  subtracting  also  either  the  whole,  or  one  half 
of  the  natural  depth  of  the  water  at  Kj  accord- 
ing as  ^iT  is  great  or  small  in  proportion  to  this 
depth. 

The  next  thing  to  be  determined,  is  the  Breadth  of 
breadth  of  the  course  at  the  top  of  the  fell  B^  ^\^^^ 
and  the  breadth  of  the  canal  at  the  same  place,  of  the  h\i 
To  find  this ;  multiply  the  quantity  of  water  ex- 
pended in  a  second  by  100,  for  a  first  number  ; 
take  such  a  quantity  as  you  would  wish,  for  the 
depth  of  the  water,  and,  having  cubed  it,  ex- 
tract its  square-root,  and  multiply  this  root  by 
.507,  for  a  second  number ;  divide  the  first  num- 
ber by  the  second,  and  the  quotient  will  be  the 
breadth  required.  The  breadth,  thus  found,  may 
be  too  great  or  too  small  in  relation  to  the  depth. 
If  this  be  the  case,  take  one  half  of  the  breadth, 
thus  found,  and  add  to  it  the  number  taken  for 
the  depth  of  the  water ;  the  sum  will  be  the  true 
depth,  with  which  the  operation  is  to  be  repeat- 
ed, and  the  new  result  will  be  better  proportion- 
ed than  the  first. 

The  mill-course  being  thus  constructed,  we  Quantity  of 
may  now  find  more  exactly  the  quantity  of  wa-^*5*^^?^ 
ter  lurmshed  m  a  second,     ror  this  purpose,  second, 
subtract  one  half  the  depth  of  the  water  at  K 
from  dKy  and  having  multiplied  the  remainder 


in  a 


^  The  depth  of  the  water,  here  alluded  to,  is  its  natural 
depth,  or  that  wliich  it  would  have  if  it  did  uot  meet  the 
float-boards.  The  effective  depth  is  generally  two  and  a 
half  times  the  natural  depth,  and  is  occasioned  by  the  im- 
pulse of  the  water  on  the  float-boards,  which  forces  it  to 
Mwelly  aad  increases  its  action  upon  the  wheel. 
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by  .5719,  extract  the  square  root  of  the  pro- 
duct. Multiply  this  root  by  the  breadth  of  thei 
course  at  K  multiplied  into  the  depth  of  the  wa- 
ter there,^  and  the  result  will  be  the  true  e^r 
pence  of  the  source  in  cubic  feet. 

In  order  to  know  whether  the  water  will  havc^ 
sufficient  force  to  move  the  least  millstone  which 
should  be  employed,  namely,  a  millstone  weigh- 
ing,  along   with   its    axis   and  trundle,    1550 
.   pounds  avoirdupois,  take  the  relative  fall  increas-s 
ed  by  one  half  the  natural  depth  of  the  water  at 
^'*'  '•       Kj  viz.  d  Kj  and  multiply  it  by  the  expence  of 
the  source  in  cubic  feet ;  it  the  product  is  32.95, 
or  above  it,  the  machine  will  move  without  in- 
terruption.   If  the  product  be  less  than  this 
number,  the  weight  of  the  millstone  ought  to  be 
less  than  1550  pounds,  and  the  meal  will  not 
be  ground  sufficiently  fine ;  for  the  resistance  of 
the  grain  will  bear  up  the  millstone,  and  allow 
the  meal  to  escape  before  it  is  completely  ground. 
As  it  is  of  great  consequence  that  none  of  the 
water  should  escape,  either  below  the  float-boards, 
or  at  their  sides,  without  contributing  to  turn 
the  wheel,  the  course  of  impulsion,  KPj  should 
plati  I,  t)e  wider  than  the  course  at  it,  as  represented  in 
^^'  Kg.  1  Fig.  2,  where  CD,  the  course  of  impulsion,  cor- 
**•         responds  with  LF  in  Fie.  1,  j4B  corresponds 
with  HK,^  and  5  C  with  lOL.    The  breadth  of  the 
float-boards,  therefore,  should  be  wider  than  jn  n, 
and  their  extremities  should  reach  a  little  below 
By  like  n  0  in  Fig.  1 .     When  this  precaution  is 
taken,  no  water  can  escape,  without  exerting  its 
force  upon  the  float-boards. 


?  That  is,  by  the  area  of  the  rectangular  section  of  the 
stream  at  K* 
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On  the  size  of  the  water  wheels  and  on  the  number y 
magnittidej  andpositiony  of  its  ^oat-boards. 

• 

The  diameter  of  the  wheel  should  be  as  great  sixe  of  the 
as  possible,  unless  some  particular  circumstances  ^^^^ 
in  the  construction  prevent  it ;  but  ought  never  to 
be  less  than  seven  times  the  natural  depth  of  the 
stream  at  K,  the  bottom  of  the  course.^    It  has 
been  much  disputed  among  philosophers,  whe- 
ther the  wheel  should  be  mrnished  with  a  small 
or  a  great  number  of  float-boards.   M*  Pitot  has 
shewn,  that  when  the  float-boards  have  different 
degrees  of  obliquity,  the  force  of  impulsion  upon 
the  different  surfaces  will  be  reciprocally  as  their 
breadth :  thus,  in  Fig*  3,  the  force  upon  k  e  will  Tlate  i. 
be  to  the  force  upon  DO  as  DO  to  heJ  He  ther^ 
fore  concludes,  that  the  distance  between  the  Number  of 
float-boards  should  be  equal  to  one  half  of  ^^^•^'* 
arch  plunged  in  the  stream,  or  that,  when  one  is  to^puotf 
at  the  bottom  of  the  wheel,  and  perpendicular 
to  the  current,  as  DEj  the  preceding  float-board 
BC  should  be  leaving  the  stream,  and  the  suc- 
ceeding one   FG  just  entering  into  it.^     For, 
when  the  three  float-boards  FGy  DEj  BCj  have 
the  same  position  as  ui  the  figure,  the  whole  force 
of  the  current  NM  will  act  upon  DEy  having  the 
most  advantageous   position   for  receiving  it : 


^  The  diameter  here  meant  is  double  the  mean  nuSuSf  or 
the  distance  between  the  centre  of  the  wheel  and  the  middle 
of  the  natural  stream,  which  impels  it,  or  what  is  called  the 
centre  of  impulsion.  By  adding  or  subtracting  the  half  of 
the  stream's  natural  depth,  to  or  from  the  mean  radiusywe 
have  the  exterior  and  interior  radius  of  the  wheeL 
*  See  Traite  d'Hydrodynamique,  §  77^^ 
^  Mem.  dc  I'Acad.  Paris.  1729,  8",  p.  359. 
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whereas,  if  another  float-board  d  e  were  inserted 
between  FG  and  DEj  the  part  i  g  would  cover 
DOy  and,  by  thus  substituting  an  oblique  for  a 
perpendicular  surface,  the  effect  would  be  dimi- 
nished in  the  proportion  of  DO  to  i  g.  Upon 
this  principle  it  is  evident,  that  the  depth  of  the 
float-board  DE  should  always  be  equal  to  the 
versed  §ine  of  th6  arch  between  any  two  float- 
boards,  DE  beirig  the  versed  sine  of  EG*  tor 
the  use  of  those  who  may  wish  to  follow  M.  Pitot, 
though  we  are  of  opinion  that  he  recommends 
too  small  a  number  of  floats,  we  have  calculated 
the  following  table  upon  the  above  principles. 
It  exhibits  the  proper  diameter  of  water  wheels, 
the  number  of  float-boards  they  should  con- 
tain, and  the  size  of  the  float-boards,  when  any 
two  of  these  quantities  are  given.  According  to 
M.  Pitot,  the  proper  relation  between  these  is  of 
so  great  importance,  that  if  a  water  wheel,  16 
feet  diameter,  with  its  float-boards  three  feet  deep, 
should  have  nine  instead  of  seven,  one  twelfth  of 
the  whole  force  of  impulsion  would  be  lost.^ 


'  Desaguliers  has  adopted  the  rule  given  by  Pitot.    Soc 
his  Experimental  Philosophy,  voL  ii,  p.  424. 
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Table  of  the  rmqiber  ofjloauhoardjs  in  undershot 

wheels. 
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of  the 
mhecX 

Drpth  of  the 

float-boarda  ii 

ifcet. 

«_ 

in  feet. 
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5 

12 

11 
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6 

6 

5 
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12 

,   9 
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6 
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12 

10 
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10 
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18 
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8 
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6 
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14 

11 

10 
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8 
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14 
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10 

9 

8 

7 

7 

22 

15 

12 

10 

9 

8 
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10 

9 

8 

8 

7 
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15 

12 

11 
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8 

8 

25 

16 

13 

11 

10 

9 

8 

8 

26 

16 

13 

11 

10 

9 

8 
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16 

13 
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10 
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17 

13 

12 

10 
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17 

14 
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11 

10 
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9 
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14 

12 
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9 
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In  order  to  find  from  the  preceding  table  the 
number  of  float-boards  for  a  wheel  20  feet  in  dia- 
meter, (the  diameter  of  the  wheel  being  reckon- 
ed from  the  extremity  of  the  float-boards),  their 
depth  bang  two  feet; — enter  the  left  hand  column 
with  the  number  20,  and  the  top  of  the  table 
*  with  the  number  2,  and  in  a  line  with  these  num- 
bers will  be  found  10,  the  number  of  float-boards 
which  such  a  wheel  would  require. 

As  the  numbers  r^resendng  the  depths  of 
the  float-boards,  and  me  diameter  of  the  wheel, 
increase  more  rapidly  than  the  numbers  in  the 
other  columns^  the  preceding  table  will  not  shew 
us  with  accuracy  the  diameter  of  the  wheel  when 
the  number  and  depth  of  the  float-boards  are 
given ;  ten  float-boards,  for  example,  two  feet 
deep,  answering  to  awheel  either  19,  20,  21, 
22,  or  23  feet  diameter.    This  defect,  however, 
may  be  supplied  by  the  following  method. — Di- 
vide 860  degre^  by  the  number  of  float-boards, 
and  the  quotient  wfll  be  the  arch  between  each. 
Find  the*  natural  versed  sine  of  this  arch,  and  say, 
as  1000  is  to  this  versed  sine,  so  is  the  wheel's 
radius  to  the  depth  of  the  float-boards  ;  and  to 
find  the  diameter  of  the  wheel,  say,  as  the  above 
versed  sine  is  to  1000,  so  is  the  depth  of  the 
float-boards  to  the  wheel's  radius. 
The  rule        We  have  already  said,  that  the  number  of 
•^^'^"''floatboards  found  by  the  preceding  table  is  too 
small.    Let  us  attend  to  this  point,  as  it  is  of  con- 
siderable importance.     It  is  evident  from  Fig.  3, 
that  when  one  of  the  floats,  as  DEj  is  perpendi- 
PLiiTi  I.  cular  to  the  stream,  it  receives  the  whole  im- 
^*^'      pulse  of  the  water  in  the  most  advantageous 
manner ;  but  when  it  arrives  at  the  position  d  e, 
and  the  succeeding  one  FG  into  the  position  y^, 
80  that  the  a^gle  ejig  may  be  bisected  by  the 


•  • 
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perpendicular  jiE^  they  will  have  the  most  dis- 
advantageous situation ;  for  a  great  part  of  the 
water  will  escape  below  the  Extremities  g  and  Cy 
of  the  float-boards,  without  having  any  effect  up- 
on the  wheel ;  and  the  part  i  g  of  the  float-board, 
which  is  really  impelled,  is  less  than  jD£,  and 
oblique  to  the  current.    The  wheel,  therefore, 
must  move  irregularly,  sometimes  quick,  and 
sometimes  slow,  according  to  the  position  of  the 
floats  with  respect  to  the  stream ;  and  this  in- 
equality will  increase  with  the  arch  plunged  in 
the  water.     M.  Pitot  proceeds  upon  the  supposi- 
tion, that  if  another  float  fg^  were  placed  be- 
tween FG  and  Z>£,  it  would  destroy  the  force  of 
the  water  that  impels  it,  and  cover  the  corre- 
sponding part  DO  of  the  preceding  float-board. 
But  this  is  not  the  case.    The  water,  after  acting 
upon  fgj  still  retains  a  part  of  its  motion,  and 
bending  round  the  extremity  g*,  strikes  DE  with 
its  remaining  force.      Considerable  advantage, 
therefore,  must  be  gained  by  using  more  float- 
boards  that  M.  Pitot  recommends.' 

M.  Bossut '  has  shewn,  that  when  the  wheel  Vumhtr  of 
has  an  uniform  velocity,  the  most  advantageous  J^o^S^IT^ 

. •  to  BOMOt. 

'  In  Mr.  Smeaton't  experimentSy  the  water  wheel,  which 
was  25  inches  in  diameter,  had  24  floats  ;  and  he  observes, 

*  that,  when  the  number  was  reduced  to  12,  it  caused  a 

*  diminution  of  the  e£Fect,  on  account  of  a  greater  qoan- ' 

*  tity  of  water  escaping  between  the  floats  and  the  floor ; 
/  but  a  circular  sweep  being  adapted  thereto,  of  such  a 

*  length,  that  one  float  entered  the  cQurse  before  the  pre- 

*  ceding  one  quitted  it,  the  effect  came  so  near  t6  the  form- 
'  er,  as  not  to  give  hopes  of  advancing  it  by  increasing 

*  the  number  of  floats  beyond  24  in  this.paiticular  wheel.' 
Smeaton's  Experimental  Enquiry^  p.  24 ;  .of ,  F)iiL  Trans. 
1759,  V.  51.  .     '    . 

*  Traitc  d'Hydrodymunique,  notes  on  chap,  z ;  als^. 
§  779. 
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number  of  floats  is  determined.  Having  fixed 
upon  the  radius  and  velocity  of  the  wheel,  and 
on  the  portion  of  fts  circumference  that  ought  to 
be  plunged  in  the'stream,  he  imagines  the  wheel 
to  have  different  numbers  of  float-boards,  and 
then  computes  the  momentum  of  the  water  a- 
gainst  all  the  parts  of  those  that  are  immersed. 
The  number  of  float-boards  which  gives  the 
greatest  momentum  should  be  adopted  as  the 
most  advantageous.  When  the  velocity  of  the 
stream  was  thrice  that  of  the  wheel,  and  when 
72  degrees  of  the  circumference  were  immersed, 
Bossut  found  that  the  number  of  float-boards 
should  be  36.  When  a  greater  arch  is  plunged 
in  the  stream,  the  velocity  continuing  the  same> 
the  number  should  be  increased,  and  vice  versa. 
The  float-  This  rule,  however,  is  too  difficult  to  be  of  use 
^!^d  be  ^^  ^^^  practical  mechanic.  From  what  has  been 
M  numer-  Said,  it  is  evident,  that  in  order  to  remove  any 
Tkl*  ^'  inequality  of  motion  in  the  wheel,  and  prevent 
the  water  from  escaping  beneath  die  tips  of  the 
float-boards^  the  wheel  should  be  furnished  with 
the  greatest  number  of  float-boards  possible,  with- 
out loading  it,  or  weakening  the  rim  on  which 
they  are  placed.*  This  rule  was  first  giv«i  by 
Dupetit  Vandin,*  and  afterwards  by  M.  Fabre,* 
and  it  is  not  difficult  to  see,  that  if  the  millwright 
should  err  in  furnishing  the  wheel  with  too  many 
float-boards,  the  error  mil  be  perfectly  trifling,  and 
that  he  would  lose  much^  more  by  erring  on  the 
other  side.  The  float-boards  should  not  be  rectan-^ 


'  Brisson  (Traite  Elexnentatre  de  Physique)  obscrfCH 
that  there  should  be  48  floats,  instead  of  40>  as  generally 
used  in  a  wheel  20  feet  in  diameter. 

^  Mem.  des  Savans  Etrangers,  tom.  i. 

'  Sur  les  Machines  Hydrauliques,  p.  55»  N^.  103 
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gular,  like  abnc  in  Fig.  3,  but  should  be  bevelled  Fig*  > 
like  abmc.  For  if  they  were  rectangular,  the  ex- 
tremity b  n  would  interrupt  a  portion  of  the  water, 
which  would  otherwise  fall  on  the  corresponding 
part  of  the  preceding  float-board.  The  angle  abm 
may  be  found  thus, — Subtract  from  180**  the 
number  of  degrees  contained  in  the  immersed 
arch  CEGj  and  the  half  of  the  remainder  will  be 
the  angle  required.  It  has  been  already  observ*' 
ed.  that  the  effective  depth  of  the  water  at  K 
(Fig.  1)  is  generally  two  and  a  half  times  greater 
than  the  natural  depth.  The  height  Z)£,  there- 
fore, of  the  float-boards  should  be  two  and  a 
half  times  the  natural  depth  of  the  current  at  iu  ^«  i« 
The  breadth  of  the  float-boards  should  always  be 
a  little  greater  than  the  breadth  of  the  course  at 
Kj  the  method  of  finding  which  has  been  already 
pointed  out.  ^ 

M.  Pitot  has  shewn,  ^    that  the  float«boards  indiimioD 
should  be  perpendicular  to  the  rim,  or,  in  other  J^^ 
words,  a  continuation  of  the  radius.     This,  in-b<nnU 
deed,  is  true  in  theory,  but  it  appears  from  the 
most    unquestionable    experiments,    that    they 
should  be  inclined  to  the  radius.     This  was  dis- 
covered by  Deparcieux,  in  1753,  (not  in  1759, 
as  Fabre  asserts),  who  shews,  that  the  water  will 
thus  heap  up  on  the  float-boards,  and  act,  not 
only  by  its  impulse,  but  also  by  its  weight.^ 
This  discovery  has  been  confirmed  also  by  the 
Abbe  Bossut,^  who  found,  that  when  the  velo- 
city of  the  water  is  about  ^-j—  of  a  foot,  or  1 1  feet 
per  second,  the  inclination  of  the  float-board  to' 


*  Mem.  Acad.  Royalc  1729,  S''*,  p.  350. 

*  Mem.  dc  TAcad.  1754,  4'%  p.  6l4,  8^%  p.  044. 

*  Traitc  d'Hydrodynamiquc,  S  814  aad  S  81 7. 
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the  radius  should  be  between  1 5  and  SO  degrees. 
M.  Fabre,  however,  is  of  opinion  that  when  the 
velocity  of  the  stream  is  1 1  feet  per  second,  or 
above  this,  the  inclination  should  never  be  less 
than  30  degrees ;  that  when  this  velocity  dimi* 
nishes,  the  inclination  should  diiyinish  in.propor- 
tion  ;  and  that  when  it  is  four  feet,  or  under,  the 
inclination  should  be  nothing.  In  order  to  find 
the  inclination  for  wheels  of  different  radii,  let 
fiff.5.  AH  (Fig,  3)  be  the  radius,  bisect  P Hj  the 
height  of  the  float-board,  in  /,  and  having  drawn 
P  A  perpendicular  to  PAy  -  set  oS  PK  equal  to 
Pi,  and  join  HK;  HKmW  be  the  position  of 
the  float-board  inclined  to  the  radius  ^/f  by  the 
angle  KHP.  This  construction  supposes  the 
greatest  value  of  the  angle  KHP  to  be  26*  34'. 


On  the  formation  of  the  spur  wheel  and  trundle. 

^iseofthe  The  radius  of  the  spur  wheel  is  found  by 
•pur  whccL  multiplying  the  mean  radius  of  the  water-wheel 
by  that  of  the  lantern,  which  may  be  of  any 
size,  and  also  by  the  number  of  turns,  which  the 
spindle  or  axis  of  the  lantern  performs  in  a  se- 
cond,^ and  then  by  the  number  2,151.  This 
product  being  divided  by  the  square-root  of  the 
relative  fall,  the  quotient  will  be  the  radius  re- 
quired. The  number  of  teeth  in  the  wheel 
should  be  to  the  number  of  staves  in  the  trundle 
Number  of  as* their  respective  radii.    In  order  to  find  the 

teeth  in  the 
wheel  vid       . 
tnindle. 

^  The  method  of  determining  the  velocity  of  the  apin- 
dle^  or  the  mill-stone,  will  be  afterwards  pointed  out* 
The  axis  of  the  lantern  should,  in  general,  make  abOut 
00  turns  in  a  minute. 
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exftct  number,  take  the  proper  diameter  of  the 
teeth  aiid  th^staves,  which  ought  to  be  two  and 
a  half  inches  each  in  common  machines,  and  de- 
termine also  how  much  is  to  be  allowed  for  the 
play  of  the  teeth,  which  should  be  about  two 
and  a  half  tenths  of  an  inch ;  add  these  three 
numbers,  and  divide  by  this  sum  the  mean  cir* 
cumference  of  the  spur  wheel,  •  the  quotient  will 
be  nearly  the  number  of  teeth  in  the  wheel. 
Let  us  call  this  quotient  j?,  to  avoid  circumlocu- 
tion. Multiply  X  by  the  mean  radius  of  the 
trundle,  and  divide  the  product  by  the  radius  of 
the  spur  wheeL  If  the  quotient  is  a  whole  num- 
ber, it  will  be  the  exact  number  of  staves  in  the 
trundle,  and  t,  if  it  were  an  integer,  will  be  the 
exact  number  of  teeth  in  the  wheel.  But  should 
the  quotient  be  a  mixed  number,  diminish  the 
integer,  which  may  still  be  called  r,  by  the  num- 
bers 1 ,  2,  3,  &c.  successively,  and  at  every  di- 
minution, multiply  «r,  thus  (Uminished,  by  the 
radius  of  the  trundle,  and  divide  the  product  by 
the  radius  of  the  wheel.  If  saiy  of  these  opera- 
tions give  a  quotient  without  a  remainder,  this 
quotient  will  be  the  number  of  staves  in  the 
trundle,  and  x,  diminished  by  one  or  more  units, 
will  be  the  number  of  teeth  in  the  wheel.  Thus 
let  the  radius  of  the  trundle  be  one  foot,  that  of 
the  wheel  four  feet,  the  thickness  of  the  teeth 
and  the  staves  two  and  a  half  inches,  or  r^  of  a 
foot,  and  the  space  for  the  play  of  the  teeth  two 
and  a  half  tenths  of  an  inch,  or  yt?  5  ^^  sum  of 
the  three  quantities  will  be  -/^  or  -j^  of  a  foot ; 
and  25  feet,  or  ■^^  of  a  foot,  the  circumference 


'  The  mean  radius  is  reckoned  from  the  centre  of  the 
rheel  to  the  cen^v  of  the  t^th. 
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of  the  wheel,  divided  by  -^  ^^^  ff^e  -^yi,  or 
57x5^  fe^t*  Multiply  the  integer  j?  or  67  by  1, 
the  radius  of  the  lantern ;  but  as  the  product  57 
wUI  not  divide  by  4,  the  radius  of  the  wheel, 
let  us  diminish  x^  or  57,  by  unity,  and  the  re- 
mainder 56  being  multiplied  by  1 ,  the  radius  of 
the  trundle,  and  divided  by  four,  the  radius  of 
^e  wheel,  gives  1 4  without  a  remainder,  which, 
therefore,  will  be  the  number  of  staves,  while 
56,  or  X  diminished  by  unity,  is  the  number  of 
teeth  in  the  spur-wheel. 

Had  it  be^  possible  to  make  the  number  c^ 
teeth  equal  to  57^1^9  V^  inches  would  be  the  pro- 
per thickness  for  the  teeth  and  the  staves ;  but, 
as  the  number  must  be  diminished  to  56,  th^e 
will  be  an  interval  left,  which  must  be  distribut- 
ed among  the  teeth  and  staves,  so  that  a  small 
addition  must  be  made  to  each.  To  do  this, 
divide  the  circumference  of  the  wheel  -H^  of  a 
foot  by  the  number  of  teeth  b&^  and,  from  the 
quotient  -rH-^  subtract  the  interval  for  the  play 
of  the  teeth  -^  or  -j-i^,  the  remainder  -^^ 
being  halved,  will  give  -rrh  ^^^  ^^^^5  o^  ^  inches 
and  5.8  tenths,  for  the  thickness  of  every  tooth 
and  stave,  -—-o  ^^  ^^  ^^^  being  added  to  each 
tooth  and  stave  to  fill  up  the  interval. 

It.  may  sometimes  happen,  however,  that,  in 
diminishing  x  successively  by  imity,  a  quotient 
will  never  be  found  without  a  remainder.  When 
this  is  the  case,  seek  out  the  mixed  number 
which  approaches  nearest  an  integer,  and  take 
the  integer  to  which  it  approximates  for  the 
number  of  staves  in  the  lantern,  llius,  when 
the  radius  of  the  wheel  is  4^  feet,  the  diflferent 
quotients  obtained,  after  dimmishing  x  by  one, 
two,three,  four,  will  be  14.;V^,  13^2^,  IS-jWo* 
l^T^j  and  IStttz^    The  nearest  of  these  to 
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an  integer  is  13^^,  being  only  -^^  less  than 
14,  which  will  therefore  be  the  number  of  staves 
in  the  trundle.  ^ 

In  a  succeeding  article  on  the  teeth  of  wheels,  Form  of  the 
we  have  shewn  what  form  must  be  gifen  them***^- 
in  order  to  produce  an  uniformity  of  action. 
The  following  method,  however,  will  be  pretty 
accurate    for    common   works.     In  Plate  IV,PLATtiv, 
Fig.  7,  take  EB^  equal  to  the  radius  of  the^*'^' 
trundle,'  and  describe  the  acting  part  B^^  and 
with  the  same  radius  describe  CD.    When  the 
teeth'  of  the  wheel  are  perpendicular  to  its  plane, 
^  in  the  spur  wheels  of  com  mills,  we  must  bi- 
sect C  Z)  in  n,  and  drawing  m  n  perpendicular 
to  BD^  make  the  plane  BACD  move  round 
upon  m  n  as  an  axis  ;  the  figure  thus  generated 
like  a  6  r,  Fig.  8,  will  be  the  proper  shape  forFig-^- 
the  teeth. 

The  pivots,  or  gudgeons,  on  which  vertical  ^»"  *^^ '^^^ 
axes  move,  should  be  conical ;  and  those  which  ^ 
are  attached  to  horizontal  arbors,  should  be  cy- 
lindrical, and  as  small  and  short  as  possible.  A 
gudgeon  two  inches  in  diameter  will  support  a 
weight  of  3239  pounds  avoirdupois,  though  we 
often  meet  with  gudgeons  three  or  four  inches 
in  diameter,  when  the  weight  to  be  supported  is 
considerably  less.  By  attending  to  this,  the  fric- 
tion of  the  gudgeons  will  be  much  diminished, 
and  the  machine  greatly  improved.  Particular 
care,  too,  should  be  taken,  that  the  axis  of  the 
gudgeons  be  exactly  in  a  line  with  the  axis  of 


^  Sec  Fabrc  sur  Ics  Machines  Hydrauliqucs,  p.  304, 
#  546. 

'  The  sUves  of  the  trundle  should  be  as  short  a< 
possible- 

X 


'^^^^^•^-iiW/AwStoi-^  j^v*^«^"-«''^-*. 
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the  arbor  which  they  support,*  otherwise  the 
action  or  motion  of  the  wheels  which  they  carry 
will  be  affected  with  periodical  inequalities. 


On  the  formation  J  size,  and  velocity^  of  the  mill^ 

stoncy  &c« 

Ob  tke  tv*  In  the  fourth  lecture,'  Mr.  Ferguson  has  dven 
SS?J!L^  several  useful  directions  for  the  formation  of  the 
grinding  surfaces  of  the  millstones  ;  to  which 
we  have  only  to  add,  that  when  the  furrows  are 
worn  shallow,  and  consequently  new  dressed 
with  the  chisel,  the  same  quandty  of  stone  must 
be  taken  from  every  part  of  the  grinding  sur- 
face, that  it  may  have  the  same  convexity  or 
*  concavity  as  beK)re.  As  the  upper  millstone 
should  always  have  the  same  weight  when  its 
velocity  remains  unchanged,  it  will  be  necessary 
to  add  to  it  as  much  weight  as  it  lost  in  the 
dressing.  This  will  be  most  conveniently  done 
by  covering  its  top  with  a  layer  of  plaster,  of  the 
same  diameter  as  the  layer  of  stone  taken  from 
its  grinding  surface,  and  as  much  thicker  than 
the  layer  of  stone,  as  the  specific  gravity  of  the 
stone  exceeds  the  specific  gravity  of  the  plaster.* 
That  the  reader  may  have  some  idea  of  the  man- 
ner in  which  the  furrows,  or  channels,  are  ar- 
FtATt  I,  ranged,  we  have  represented  in  Plate  I ,  Fig.  4, 
F^«  4*       the  grinding  surface  of  the  upper  millstone,  upon 

*  The  diameter  of  the  gudgeon  must  be  proportioaal 
to  the  square-root  of  the  weight  which  it  supports. 

*  Vol.  i,  p.  85. 

*  The  relative  weights  of  the  stone  and  plaster  may  be 

determined  from  the  table  of  specific  gravities  at  the  end 
of  ToL  i. 
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the  supposition  that  it  moves  from  east  to  west, 
or  for  what  is  called  a  right-handed  milL  When 
the  millstone  moves  in  the  opposite  direction, 
the  portion  of  the  furrows  must  be  reversed. 

In  Fig.  5  we  have  a  section  of  the  millstone  Kg.  5. 
spindle  and  lantern.  The  under  millstone 
MPHGj  which  never  moves,  may  be  of  any 
thickness.  Its  grinding  surface  must  be  of  a 
conical  form,  the  point  b  being  about  an  inch 
above  the  horizontal  line  PR^  and  Ma  and  Pb 
being  straight  lines.  The  upper  millstone 
EFPMj  which  is  fixed  to  the  spindle  CD  at  C, 
and  is  carried  round  with  it,  should  be  so  hoi- 
lowed  that  the  angle  OMa^  formed  by  the 
grinding  sur&ces,  may  be  of  such  a  size  that 
O  n  being  taken  equal  to  n  ikf,  n  s  may  be  equal 
to  the  thickness  of  a  grain  of  com.  ^  The  dia- 
meter ON  of  the  mill  eye  m C  should  be  be- 
tween 8  and  1 4  inches  ;  and  the  weight  of  the 
upper  millstone  E  P  joined  to  the  weight  of  the 
spindle  CD  and  the  trundle  x  (the  sum  of  which 
three  numbers  is  called  the  equipage  of  the  turn- 
ing millstone),  should  never  be  less  than  1550 
pounds  avoirdupois,  otherwise  the  resistance  of 
the  grain  would  bear  up  the  millstone,  and  the 
meal  be  ground  too  coarse. 

In  order  to  find  the  weight  of  the  equipage ; — Weight  of 
Divide  the  third  of  the  radius  of  the  gudgeon  J^^^'^" 
by  the  radius  of  the  water-wheel  which  it  sup- 
ports, and  having  taken  the  quotient  from  2.25, 


'  In  note  6,  p.  93,  vol.  i,  we  have  said  that  the  com 
docs  not  begin  to  be  ground  till  it  has  insinuated  itself  as 
far  as  two  thirds  of  the  radius,  or  the  centre  of  gyration  ; 
but  for  reasous  which  may  be  seen  in  Falre  jur  les  Ma» 
cimes  HydrauUques^  p.  238,  the  grinding  should  commence 
at  the  point  n^  equidistant  from  0  and  M. 
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mulriplv  the  remainder  by  the  expence  of  the 
source,  by  the  relative  fall,  and  by  the  number 
19911,  and  you  will  have  a  first  quantity,  which 
may  be  regarded  as  pounds.  Multiply  the  square 
root  of  the  relative  fall  by  the  weight  of  the 
arbor  of  the  water  wheel,  by  the  radius  o^  its 
gudgeon,  and  by  the  number  1617,  and  a  se- 
cond quantity  will  be  had,  which  will  also  re- 
present pounds.  Divide  the  third  part  of  the 
radius  of  the  gudgeon  by  the  radius  of  the  water- 
wheel,  and  having  augmented  the  quotient  by 
unity,  multiply  the  sum  by  1005,  and  a  third 
quantity  will  be  obtained.  Subtract  the  second 
quantity  from  the  first,  divide  the  remainder  by 
the  third,  and  the  quotient  will  express  the  num-> 
ber  of  pounds  in  the  equipage  of  the  millstone. 

The  weight  of  the  equipage  being  thus  found, 
extract  its  square  root,  expressed  in  pounds,  and 
multiply  it  by  .039,  and  the  product  will  be  the 
radius  of  the  millstone  in  feet.^ 
SfJ^L**  ^  order  to  find  the  weight  and  thickness  of 
the  upper  millstone,  the  following  rules  must  be 
observed. — 

1.  To  find  the  weight  of  a  quantity  of  stone 
equal  to  the  mill  eye  ; — Take  any  quantity  which 
seems  most  proper  for  the  weight  of  the  spindle 
CD  and  the  lantern  JT,  and  subtract  this  quan- 
tity from  the  weight  of  the  millstone's  equipage, 
for  a  first  quantity.  Find  the  area  of  the  mill 
eye,  and  multiply  it  by  the  weight  of  a  cubit 
foot  of  stone  of  the  same  kind  as  the  millstone,^ 
(found  from  the  table  of  specific  gravities,  vol.  i) 
and  a  second  quantity  will  be  had.     Multiply 

^  This  rule  supposes,  that  when  the  diameter  of  the 
millstone  is  5  feet,  the  weight  of  the  equipage  should  bfc 
431/  avoirdupois  pounds. 


^ 
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the  area  of  the  millstone  by  the  weight  of  a  cu- 
bic foot  of  the  same  stone,  for  a  third  quantity^ 
Multiply  the  first  quantity  by  the  second,  and 
divide  tne  product  by  the  third,  and  the  quotient 
will  be  the  weight  required. 

2.  To  find  the  number  of  cubic  feet  in  the 
turning  millstone,  supposing  it  to  have  no  eye ; 
— ^From  the  weight  of  the  spindle  and  lantern 
subtract  the  quantity  found  by  the  preceding 
rule,  for  the  first  number.  Subtract  this  first 
number  from  the  weight  of  the  equipage,  and  a 
second  number  will  be  obtained.  Divide  this 
second  quantity  by  the  weight  of  a  cubic  foot 
of  stone  of  the  same  quality  as  the  millstone, 
and  the  quotient  will  be  the  nignber  of  cubi^  feet  Fig.  s, 
in  EMPFj  mC  being  supposed  to  be  filled  up. 

8.  To  find  the  quantities  m  If  and  E  Mj  i .  e. 
the  thickness  of  the  millstone  at  its  centre  and 
circumfierence  ; — ^Divide  the  solid  content  of  the 
millstone,  as  found  by  the  preceding  rule,  by  its 
area,  and  you  will  have  a  first  quantity.  Add 
b  Rj  which  is  generally  about  an  inch,  to  twice 
the  diameter  of  a  grain  of  com,  for  a  second 
quantity.  Add  the  first  quantity  to  one  third 
of  the  second,  and  the  sum  will  be  the  thickness 
of  the  millstone  at  the  circumference.  Subtract 
the  third  of  the  second  quantity  from  the  first 
quantity,  and  the  remainder  will  be  its  thickness 
at  the  centre. ' 

The  size  of  the  mill-stone  being  thus  found,  velocity  tf 
its  velocity  is  next  to  be  determined.     M.  Fabre  ^^c 
observes,  that  the  flour  is  the  best  possible  when 
a  millstone  5  feet  in  diameter  makes  from  48  to 
61  revolutions  in  a  second.     Mr.  Ferguson  al- 

''  These  rules  are  founded  upon  formulcf  which  may  be 
iieen  in  Fabrc  tur  la  Macbiacs  Hjdradiqmi^  pp.  VJ*lx  ^^9* 

Vpl.IL  L 
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lowft  60  turns  to  a  millstone  6  feet  in  diame- 
ter, and  Mr.  Imison  120  to  a  millstone  4^  feet 
in  diameter.  In  mills  upon  Mr.  Iinison's  con« 
struction,  the  great  heat  that  must  be  generated 
by  such  a  rapid  motion  of  the  millstone,  must 
render  the  meal  of  a  very  inferior  quality  :  much 
time,  on  the  contrary,  will  be  lost,  when  such 
a  slow  motion  is  employed  as  is  recommended 
by  M.  Fabre  and  t^.  Ferguson.  In  the  best 
com  mills  in  this  country^  a  millstone  5  feet  in 
diameter  revolves,  at  an  average,  90  times  in  a 
minute.^  The  nmnber  of  revolutions  in  a  se* 
"  cond,  therefore,  which  must  be  assigned  to  mill- 
stones of  a  different  size,  may  be  found  by  di« 
viding  450  by  th^  diameter  of  the  millstone  in 
feet. 
Spindle.  The  spindle  cD,  which  is  commonly  6  feet 
long,  may  be  made  either  of  iron  or  wood. 
When  it  is  of  iron,  and  the  weight  of  the  mill- 
^  stone  7558  pounds  avoirdupois,  it  is  generally 

w  three  inches  in  diameter;  and  when  made  of 

wood,  it  is  10  or  1 1  inches  in  diameter.  For 
millstones  of  a  different  weight,  the  thickness 
of  the  spindle  may  be  found  by  proportioning 
•  it  to  the  square  root  of  the  millstone's  weight, 
or,  which  is  nearly  the  same  thing,  to  the  weight 
of  the  millstone's  equipage, 
ruou.  The  greatest  diameter  of  the  pivot  D^  upon 

which  the  millstone  rests,  should  be  propor- 
tional to  the  square  root  of  the  equipage,  a  pivot 
half  an  inch  diameter  being  able  to  support  an 
equipage  of  5S98  pounds.    In  most  machines. 


'  Mr.  Fenwick  of  Newcastle,  an  excellent  practical 
mechanic,  obserresy  that,  in  the  best  com  mills  in  £ng^ 
land,  miU-6tonet  from  4f  to  5  feet  in  diameter  revolve 
from  90  to  100  ^mct  in  «  a^cpnd. 
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the  diameter  of^  the  pivots  is  by  far  too  large, 
being  capable  of  supporting  a  much  greater 
weight  than  they  are  obliged  to  bear.  The  fric- 
tion is  therefore  increased,  and  the  performance 
of  the  machine  diminished. 

The  bridge-tree  AB  is  generally  from  eight  Fig.  ^. 
to  10  feet  long,  and  should  always  be  elastic,  ^"/^^*' 
that  it  may  yield  to  the  oscillatory  motion 
of  the  mill-stone/  Wheil  its  length  is  9  feet, 
and  the  weight  of  the  equipage  5 1 82  pounds,  it 
sjiould  be  6  inches  square ;  and  when  the  length 
remains  unchanged,  and  the  eqiupage  varies,  the 
thickness  of  the  bridge-tree  should  be  propor- 
tional to  the  square  root  of  the  equipage. 


On  the  performance  of  Undershot  Mitts. 

s 

The  performance  of  any  machine  may  bePcfform- 
properly  represented  by  the  number  of  pounds  ^j*  ^^ 
which  it  wiil  elevate,  in  a  given  time,  by  means  mUi^ 
of  a  rope  KL  (Fig.  5),  wound  upon  the  ^indle 
CD,  and  passing  over  the  pulley  L.''     In  order 
to  find  the  weight  which  a  given  machine  will 
raise  ; — Divide  the  third  part  of  the  radius  of  the 
gudgeon  of  the  water-wheel,  by  the  mean  radius 
of  the  wheel  itself,  and,  having  subtracted  the 
quotient  from  2.25,  multiply  the  remainder  by 
the  expence  of  water  in  a  second  in  cubic  feet, 
by  the  height  of  the  relative  fall,  and, by  the 
number  19911,  for  a  first  quantity.     Multiply 
the  weight  of  the  arbor  of  the  water-wheel,  and 


*  Sec  BeUJor,  Architecture  HyJraultque^  638 ;  or  Dcsa- 
gulters'  Exper.  Philos.  vol.  iiy  p.  429* 

^  It  was  in  this  way  that  Smeaton  measured  the  per* 
formance  of  his  iQodels. 

L  2 


r 


164  MECHANICS*- 

Its  appendages  (viz.  the  water-wheel  itself  and 
the  spur  wheel),  by  the  radius  of  the  gudgeon 
in  decimals  of  a  foot,  by  the  square  root  of  the 
relative  feu,  and  the  number  1617,  and  divide 
the  product  by  the  mean  radius  of  the  water 
-  wheel,  and  a  second  quantity  will  be  had.  Di- 
vide the  third  part  of  the  gudgeon's  radius  by 
the  mean  radius  of  the  water-wheel,  augment 
the  quotient  by  unity,*  and  multiply  the  sum  by 
the  ladius  of  the  spmdle  CD  for  a  third  qua- 
lity. Subtract  the  second  quantity  from  the 
first,  and  divide  the  remainder  by  the  third 
quantity,  the  quotient  will  be  the  number  of 
pounds  which  the  n^chine  will  raise.  Multiply 
the  diameter  of  the  spindle  CD  by  3.1416,  and 
you  will  have  a  quantity  equal  to  the  height  which 
tV  will  rise  by  one  turn  of  the  spindle ;  this 
quantity,  therefore,  being  multiplied  by  the  num- 
ber of  turns  which  the  spindle  performs  in  a  mi- 
nute, will  give  the  height  through'  which  the 
weight  tV-wW  rise  in  the  space  of  a  minute. 
According  Mr.  Fcuwick  *  found,  by  a  variety  of  accurate 
widL^  ^^'  experiments  made  upon  good  corn-mills,  whose 
upper  millstone,  being  from  41-  to  5  feet  in  dia- 
meter, revolved  from  QO  to  100  times  in  a  mi- 
nute, that  a  mill,  or  any  power  capable  of  raising 
800  pounds  avoirdupois  with  a  velocity  of  a  ID 
feet  per  minute,  will  grind  one  boll  of  good  corn 
in  an  hour  \  and  that  two,  three,  four,  or  five 
boUs  will  be  ground  in  an  hour,  when  a  weight; 
of  300  pounds  is  raised  with  a  velocity  ,of  350 
506,  677,  or  865  feet  respectively  in  a  minute.^ 


'  Four  Essays  on  Practical  Mechanics,  %*  edit.  1802> 
p.  6a 

^  As  the  differences  of  tb^se  numbers-  increase  nearly 
by  16,  they  may  be  continued  by  always  augmenting  tbf 

difference 
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O^,  to  arrange  the  numbers  more  properly  : 


Number  of  bolls  ground  in  an 
boar 1 

Number  of  feet  through  which 

300lb.  is  raised  in  a  minute . . .  2 10|350  506^677 


865 


6 
10691 


Supposing  it,  therefore,  to  be  found,  by  the 
preceding  rules,  that  a  mill  would  raise  600 
pounds  through  253  feet  in  a  minute  of  time, 
we  have  300 :  600=253  :  506 ;  that  is,  the  same 
power  that  can  raise  600  pounds  through  253 
feet,  will  raise  300  pounds  through  506  feet, 
consequently  such  a  mill  will  be  able  to  grind 
three  bolls  of  com  in  an  hour.' 

According  to  M.  Fabre,  the  quantity  of  meal  Atcording  . 
ground  in  an  hour  may  be  determined  by  mul-*®^*'^'** 
tiplying  62.4  Paris  pounds  by  the  square  of  the 
radius  of  the  millstone,  and^the  product  will  be 
the  number  of  pounds  of  meaL  But,  as  this 
rule  is  founded  upon  an  erroneous  supposition, 
that  the  quality  of  the  flour  is  best  when  a  mill- 
stone, 5  feet  in  diameter,  performs  48  revolu- 
tions in  a  minute,  we  have  made  the  calculation 


difference  between  the  two  last  numbers  by  l6,  and  add* 
ing  the  difference  thus  augmented  to  the  last  number,  for 
the  number  required.  Thus,  by  adding  l6  to  188>  the 
difference  between  6/7  and  865,  we  have  204,  which 
being  added  to  865,  gives  IO69  for  the  number  of  feet, 
nearly,  through  which  the  power  must  be  able  to  raise  a 
weight  of  300  pounds  in  a  minute,  in  order  to  grind  sis 
1m>11s  of  corn  in  an  hour. 

'  The  proper  result  of  Mr.  Fenwick's  experiment  was, 
that  a  power  requisite  to  raise  a  weight  of  300  pounds 
avoirdupois,  with  a  velocity  of  190  fiet  per  minute^  would 
grind  one  boll  of  good  com  in  an  hour  ;  but,  in  order  to 
make  the  above  numbers  accurate  in  practice^  Jie  in* 
created  the  velocity  ^,  and  made  it  210  feet  per  miinutc. 

I' 3 
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anew,  upon  the  supposition,  that  the  velocity  of 

a  millstone,  five  feet  diameter,  should  be  90 

Accardiag  revolutions  in  a  minute,  and  have  found,  thsot, 

to^theedi-  ^j|gj|  ^jUg  ^xe  Constructed  upon  this  principle^ 

the  quantity  of  flour  ground  in  an  hour,  in 
poufids  avoirdupois,  will  be  equal  to  the  product 
of  the  square  of  the  millstone's  radius,  and  the 
number  125. 

The  following  important  maxims  have  been 
deduced  from  Mr.  Smeaton's  accurate  experi« 
ments  on  undershot  mills,  and  merit  the  atten- 
tion of  every  practical  mechanic. 
^2«pl«a»-  Maxim  1.  TTiat  the  virtual  or  effective  head 
of  water  being  the  same,^  the  effect  will  be  near- 
ly as  the  quantity  of  water  expended. — ^That  is, 
it  a  mSl,  driven  by  a  fall  of  water  whose  virtual 
head  is  10  feet,  and  which  discharges  SO  cubic 
feet  of  water  in  a  second,  grinds  four  bolls  in  an 
hour ;  anodier  mill  having  the  same  virtual 
head,  but  which  discharges  60  cubic  feet  of  wa^ 
ter,  will  grin^  dght  bolls  of  com  in  an  hour. 

Maxim  2.  That  the  expence  of  water  being 
the  same,  the  effect  will  be  nearly  as  the  height 
of  the  virtual  or  effective  head. 


tiooof 


V 


'  The  virtualf  or  effec^ve  beaiot  water  moving  with  a 
certain  Tclocityy  is  equal  to  the  height  from  which  a  heavy- 
body  must  £dl  in  order  to  acquire  the  same  velocity.  The 
heif^t  of  the  virtual  head»  therefore^  may  be  easily  deter- 
mined from  the  water's  vtlocity»  for  the  heights  are  as  the 
squares  of  the  velodties,  and  the  velocities,  consequendy, 
as  the  square  roots  of  the  heights.  Mr.  Smcaton  ob- 
serves, that,  in  the  large  openings  of  mills  and  sluice^ 
where  great  quantities  of  water  are  dischaiged  from  mode- 
rate heads,  the  real  head  of  water,  and  the  virtual  head, 
as  determined  fix^m  the  velocity,  will  nearly  agree.  See 
his  Experiments  on  MiUs,  p.  38* 


^.-^k. 
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Maxim  S.  That  the  quantity  of  water  expend- 
ed being  the  same,  the  effect  is  nearly  as  the 
square  of  its  velocity. — ^That  is,  if  a  mill,  driven 
by  a  certain  quantity  of  water,  moving  with  the 
velocity  of  four  £eet  per  second^  grmds  three 
bolls  of  com  in  an  hour ;  another  mill,  driven 
by  the  same  quantity  of  water,  moving  with  the 
velocity  of  five  feet  per  second^  will  grind 
nearly  4^^  bolls  of  com  in  an  hour,  because 
3 :  4^r=4*  :  5*  nearly,  that  is,  as  16  to  25^ 
the  squares  of  the  respective  velodties  of  the 
water. 

Maxim  4.  llie  aperture  being  the  same,  the 
effect  will  be  nearly  as  the  cube  of  the  velocity 
of  the  water.---That  is,  if  a  mill  driven  by  water^ 
moving  through  a  certain  aperture,  with  the 
velocity  of  four  feet  per  second,  grind  three  bolls 
of  com  in  an  hour ;  another  mill  driven  with 
water,  moving  through  the  same  aperture  with 
the  velocity  of  five  feet  per  second,  will  grind 
544  bolls  nearly  in  an  hour,  for  8 :  5j^=**  iS^ 
nearly,  that  is  as  64  to  125,  the  cubes  of  the 
water's  respective  velocities* 


*y  .•*l^' 


On  the  method  of  constructing  MilUwrighu^ 
Tables^  on  new  principles. 

Although  a  mill-wright's  table  has  been  con-comtrac* 
structed  by  Mr. Ferguson,*  and  afterwards  alter- <8<» ^» 
ed  a  little  by  Mr.  Imison,  so  £sur  as  concerns  the^^t^ 
velocity  of  the  millstone ;  yet,  as  we  shall  nowtiUe. 
shew,  the  principles  upon  which  it  is  computed 
are  far  from  being  correct.    It  is  evident  that  the 


'  See  ToL  1,  p.  97* 
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great  whed  must  always  move  with  less  velodty^ 

than  the  water,  even  when  there  is  no  work  to  be 

performed ;  for  a  part  of  the  impelling  power  is  ne« 

cessarily  spent  in  overcoming  the  mertia  of  the 

wheel  itself;  and  if  the  wheel  has  little  or  no  velo- 

city,  it  is  equally  manifest  that  it  will  produce  a 

.       very  small  eflfect.   There  is  consequently  a  certain 

vdocicy  of  proportion  between  the  velocity  of  the  water  and 

*^alh^  the  wheel,  when  the  effect  is  a  maximum.  Parent 

wheeL^     and  Pitot  foimd  this  proportion  to  be  as  1  to  3 ; 

and  Desaguliers,  ^  Maclaurin, '  and  Ferguson, 

have  adopted  their  determination.^     But  Mr«r 

Smeaton  has  shewn,  that  instead  of  the  wheel' 

moving  with  y  of  the  velocity  of  the  water,  when 

the  effect  is  a  maximum,  as  F^ent  imagined,  the 

greatest  effect  is  produced  when  the  velocity  of 

the  wheel  is  between  j  and  ~,  the  maximum 

being  much  nearer  to  v  than  f  .     He  observes 

,  also,  that  v  would  be  the  true  maximum  ^  if  no* 

^  thing  were  lost  by  the  resistance  of  the  air,  the 

*  scattering  of  the  water  carried  up  by  the  wheels 

*  and  thrown  off  by  the  centrifugal  force,  &c. 
^  all  which  tend  to  diminish  the  effect  more  at 
^  what  wcul^  be  the  maximum  if  these  did  not 
^  take  place,  than  fhey  do  when  the  motion  is  a 
^  little  slower/  ^    But  in  making  this  alteration 


^  Dcsaguliers'  Eicperimental  Philosophy,  vol.  ii»  p.  424, 
Lect.  12. 

^  Maclsturin's  Fluxions,  Art.  g07>  p-  728. 

*  M.  Lambert  has  also  adopted  the  determination  of 
Parent,  in  his  Memoir  on  Undershot  Milhr  in  the  Nouv. 
Mem.  de  PJcad.  dt  BerUn^  1775,  p^  63. 

^  fiineaton  on  Mills,  p.  77*  M.  Bossut  and  M.  Fabrc^ 
along  with  Smeaton,  make  the  velocity  of  the  wheel  f  of 
the  velocity  of  the  water.  See  Traite  d'Hydrodynamiqae 
par  Bossut,  §  808.9^  Fabre,  j  66.    The  great  hydraulic. 


V 


MECHANICS.  169 

\ire  arc  warranted  not  merely  by  the  results 
of  Mr.  Smeaton's  experiments,  but  also  by 
deductions  of  theory.  In  the  investigations 
from  which  Parent  and  Pitot  concluded  that 
the  velocity  of  the  wheel  should  be  f  of  the 
velocity  of  the  water  in  order  to  produce  a  maxi* 
mum  effect,  they  considered  the  impulse  of  the 
stream  upon  one  float-board  only,  and  therefore 
made  the  force  of  impulsion  proportional  to  the 
square  of  the  diffierence  between  the  velocities  of 
the  stream  and  the  float-board.  The  action  of 
the  current,  however,  is  not  confined  to  one 
float-board,  but  is  exerted  on  several  at  the  same 
lime,  so  that  the  float-boards  which  are  accurate^ 
4y  fitted  to  the  mill-course,  abstract  from  the 
water  its  excess  of  velocity,  and  the  force  of  im- 
pulsion becomes  proportional  only  to  the  differ- 
ence between  the  velocities  of  the  stream  and 
the  float-boards.  From  this  circumstance,  the 
Chevalier  de  Borda  has  shewn  in  his  Memaire 
sur  les  Roues  Hydrauliques^^  that  in  theory  the 


machine  at  Marly  was  found  to  produce  a  maximum  effect 
when  the  velocity  of  the  wheel  was  j-  that  of  the  cur- 
rent. 

»  Memoircs  de  I'Acad.  Pans,  1767>  4to,  p.  285.*- 
Although  the  memoir  of  the  Chevalier  de  Borda  waa 
published  so  early  as  1767»  Y^U  in  the  year  1793,  there 
appeared  in  the  Transactions  of  the  American  Philosophi- 
cal Society,  vol.  iii,  p.  144,  a  paper,  by  Mr.  Waring,  con- 
taining the  same  observations  on  the  maximum  effect  of 
undershot  wheels.  We  would  willingly  believe  that  Mr. 
Waring  was  guided  solely  by  his  own  investigations ;  and 
that  the  similarity  between  his  memoir  and  that  of  Borda'f, 
was  owing  to  a  casual  coincidence  of  sentiment.  Upfor* 
tunately,  however,  in  the  same  volume  of  the  American 
Transactions,  Mr.  Waring  describes  an  improvement,  by  a 
Mr.  Rumsey,  on  Barker's  mill,  which  was  published  ia 
17/5,  by  M.  Mathon  de  la  Cour  in  Rozier'a  Journal  de 
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velocity  of  the  wheel  is  t  that  of  the  current, 
and  that  in  practice  it  is  never  more  than  -^  of 
the  stream's  velocity,  when  the  effect  is  a  maxi^ . 
mum. 

The  constant  number,  too,  which  is. used  by 
Mr.  Ferguson  for  finding  the  velocity  of  the 
water  from  the  height  of  the  &11,  viz.  64.2882 
is  not  correct.  From  the  recent  experiments  of 
Mr.  Whitehurst  on  pendulums,  it  appears,  that 
a  heavy  body  falls  16.087  feet  in  a  second  of 
^  time ;  consequently  the  constant  number  should 
be  64.S4B. 

in  Mr.  Ferguson's  table,  the  velocity  of  the 
millstone  is  too  small ;  and  Mr.  Imison,  in  cor- 
recting this  mistake,  has  made  the  velocity  top 
great.  Fram  this  circumstance,  the  mill-wrights' 
table,  as  hitherto  published,  is  fundamentally  er« 
limeous,  and  is  more  calculated  to  mislead  than 
to  direct  the  practical  mechanic.  Proceeding, 
therefore,  upon  the  practical  deductions  of  Smea« 
ton,  as  confirmed  by  theory,  and  employing  a 
more  correct  constant  number,and  a  more  suitable 
velocity  f6r  the  millstone,  we  may  construct  a 
new  nulL-wrights'  table  by  the  following  rules, 
j^i^^,^  ^  1 ,  Find  the  perpendicular  height  of  the  £U1  of 
conicnict-  water  in  feet  above  the  bottom  of  the  mill. 
I^  <iourse  at  K  (Fig.  1,  Plate  l);  and  having  di- 
Fig.  I.  minished  this  number  by  one  half  of  the  natural 
depth  of  the  water  at  AT,  call  that  the  height  c^ 
theM.* 


lOj 

til 


Physique.    Such  unequif  ocil  instances  of  literaiy  robbeiy 
eannot  be  too  ntvenij  reprobated. 

*  The  height  of  the  tall  here  meant  is  the  relative  or 
virtual  hcfight,  and  it  i$  supposed  that  the  ihilkcourse  Is  so 
accurately  constructed,  that  the  water  will  have  the  same 
velocity  at  A*  as  it  wou)d  have  at  R  by  falling  perpendicu« 
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2 J  Since  bodies  acquire  a  velocity  of  82.174* 
feet  in  a  second,  by  falling  through  1 6.087  feet, 
and  since  die  vdpcities  of  falling  bodies  are  as 
the  square  roots  of  the  heights  through  v^hich 
they  rail,  the  square  root  of  1 6.087  will  be  tp 
the  square  root  of  the  height  of  the  fall  as 
S2.174  to  a  fourth  number,  which  will  be  the 
velocity  of  the  water.  Therefore  the  velocity  of 
the  water  may  be  alw^iys  found  by  multiplying 
82.174,  by  the  square  root  of  the  height  of'^  the 
fall,  and  dividing  that  product  by  the  square  root 
of  16.087* — Or  it  may  be  found  more  easily  by 
inultiplying  the  height  of  the  fall  by  the  constant 
number  64.848,  and  extracting  the  square 'root 
of  the  product,  which,  abstracting  the  eflfects  of 
friction,  will  be  the  velocity  of  the  water  requir* 
tdJ 


larly  through  CR-  This  will  be  netdy  the  case  when  the 
mill-course  is  formed  accoHin^  to  the  directions  formerly 
given  ;  though  in  general  a  few  inches  should  be  taken 
£rom  the  fall»  in  order  to  obtain  accurately  its  relative  or 
▼irtual  height. 

'  That  the  velocity  of  the  water  is  equal  to  the  square 
root  of  the  product  of  the  height  of  the  fall»  and  the 
constant  number  64.3489  may  be  shewn  in  the  following 
■lanner.  Let  x  be  the  velocity  of  the  water,  m  the  height 
f>f  the  fally  a  =s  l6.087>  and  consequently  2  a  =  32.174. 
Then  by  the  first  part  of  the  second  rule  \/a  :  ^msz2  a  i « 

therefore  x  =r — ^L^ljH  5  multiplying  by  j/a  we  have  x  »/a 

=  2  a  ^  m  ;  putting  all  the  quantities  under  the  radical 
•ign  there  comes  out  v^»^a  =  4^i*«;  extracting  the 
square  root  of  both  sides,  we  have  x^  azz  \  a}  m^  divide 
ing  by  a  gives  x*  zzAam  or  x  ;^  /^ 4am,  But  since  the 
constant  number  64.343  is  double  of  32.174,  it  will  be 
equal  to  4  a ;  then  by  the  latter  part  of  rule  second  we 
have  »  =  \/  4  a  «»  which  is  the  same  value  of  «^  as  wtfi 
found  from  the  first  part  of  the  rule. 
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5,  Take  one  half  of  the  velocity  of  the  waf ef^ 
and  it  will  be  the  velocity  which  must  be  gived 
to  the  float-boards,  or  the  number  of  feet  they 
must  move  through  in  a  second,  in  6rder  that 
the  greatest  eflfect  may  be  produced. 

4,  Divide  the  circumference  of  the  wheel  by 
the  velocity  of  its  float-boards  ^r  second,  and 
the  quotient  will  be  the  number  of  seconds  in 
which  the  wheel  revolves. 

5j  Divide  60  by  this  last  number,  and  the 

3uotient  will  be  the  number  of  revolutions  which 
le  wheel  performs  in  a  minute. — Or  the  num- 
ber of  revolutions  performed  by  the  wheel  in  a 
minute,  may  be  found  by  multiplying  the  velo- 
city of  the  float-boards  by  60,  and  dividing  the 
product  by  the  circumference  of  the  wheel,  which 
m  the  present  case  is  47*  12. 

6,  Divide  90  (the  number  of  revolutions 
which  a  millstone  5  feet  diameter  should  per- 
form in  a  minute)  by  the  number  of  revolu-* 
tions  made  by  the  wheel  *in  a  minute,  and  the 
quotient  will  be  the  number  of  turns  which  the 
millstpne  ought  to  make  for  one  revolution  of 
the  wheel. 

7,  Then,  as  the  number  of  revolutions  of  the 
wheel  in  a  minute  is  to  the  number  of  revolu- 
tions of  the  millstone  in  a  minute,  so  must  the 
number  of  staves  in  the  trundle  be  to  the  num- 
ber of  teeth  in  the  wheel,  in  the  nearest  whole 
numbers  that  can  be  found.* 


^  We  have  filled  up  the  jtxtb  columa  of  the  tables  in  the 
commoa  way ;  but,  for  the  proper  method  of  finding  the 
relation  between  the  radius  of  the  spur  wheel  and  trundle^ 
and  the  exact  number  of  teeth  in  the  one»  and  staves  in 
the  other,  we  must  refer  the  reader  to  pp.  154-6  of  this 
volume. 
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8,  Multiply  the  number  of  revolutions  per- 
formed by  the  wheel  in  a  minute,  by  the  num- 
ber of  revolutions  made  by  the  millstone  for  one 
of  the  wheel,  and  the  product  will  be  the  number 
of  revolutions  performed  by  the  millstone  in  a 
minute. 

In  this  manner  the  following  table  has  been 
calculated  for  a  water-wheel  fineen  feet  in  dia- 
meter, which  is  a  good  medium  size,  the  mill* 
stone  being  five  feet  in  diameter,  and  revolving 
pO  times  in  a  minute. 
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TABLB  I« 

A  NEW  MiLi^frniaaT's  tjbve^ 

Inwtiebtbe  vdodtjtfOe  wieeiit  ^uMfOe  vdoekfoftk 
stntmB,  tii  ^fxtt  tfffie^m  mi  tik^  tmndtted. 


e 

PS 


Vdocity  !  Velocitf '  Retoln^ 

ofche   i    of  Ae     turns  of 

water  per  wheel  per  ilie  wheel 


Revoln-    Teeth  in 
.tioof  of  [the  wheel 


1^ 

^3 


lecood,  i   second,  i      per     Istooe 
friction  i     heinflr    i  mionte.      one 


V 

S 


1 

2 
3 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

\ 


friction 
not 
being 
consider- 
ed. 


being   I  minate, 
one  hmlf  I  iudie- 
thotof      meter 
the      'being  15 


themill- 
for 


water. 


«    8  * 

(I4        M    O 


«- 


I 


§•3 


feet. 


8.02 
11.34 
13.89 
16.04 
17.94 
19.65 
21.22 
22.69 
24.06 

25.37 
26.60 
27.79 
28.92 
80.01 
31.07 
32.09 

33.07 
34.03 
34.97 
35.97 


4.01 
5.67 
6.95 
8.02 

8.97 
9.82 
10.61 
11.34 
12.03 
12.69 
13.30 
13.90 
14.46 
(5.01 
15.53 
16.04 
16.54 

17.  2 
17.48 
17.99 


11 


I  Si 


ooeaf 

the 
wheel 


5.10 
7.22 
6.85 
10.20 
11.43 
12.50 
13.51 
14.45 
15.31 

16.17 
16.95 
17.70 
18.41 
19.11 
19.80 
20.40 
21.  5 
21.66 
2'2.26 
22.86 


I  8" 

0S      M    o 


17.65 

12.47 

10.17 

8.82 

7.87 
7.20 
6.66 
6.23 
5.88 
5.57 
5.31 
5.08 
449 
4.71 
4.55 
4.45 
4.28 
4.16 
4.04 
3.94 


tndMtvet 

in  the 

tnandb. 


Retob- 

tioosof 

thcmiU- 

stone  per 

ffiinnte 

by  these 

staTcs 

and 

teeth. 


w 


5 


106 

87 
81 
79 
71 
65 
60 
56 
53 
56 
53 
51 
49 
47 
48 
44 
47 
50 
44 
48 


mA 

ff     M  o 


6  90.01 

7  90.03 

8  90.00 

9  89.96 
^9  89.95 

9  90.00 
9  89.98 
9  90.02 
9  90.02 
10|  90.06 
90.00 
89.91 
90.02 
90.00 
90.09 
lOl  89.96 


11 
12 
11 
12 


90.09 
90.10 
89.93 
90.07 
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TABLE  II. 

A  NEW  MILL-WRIGHTS  TABLE, 
In  which  the  velocity  of  the  wheel  is  three-sevenths  of  the  velocity 
of  the  wateTf  em<!  the  effects  of  friction  on  the  velocity  of  the 
stream  reduced  to  computation. 


Velocity 
of  the 

water  per 

•econd, 

frictioa 

being 

eoiuider* 
ed. 

• 

Velocitjr 
of  tke 

wheel  per 

ifcona, 

being 

3-7th$ 

that  of  tke 
water. 

Revolu- 
tions of 
the  wheel 

per 
minute, 
its  dia- 
meter 
being  15 
feet. 

Retroln- 

tionsof 

miU-itone 

for  one  of 

the  wheel 

Teeth  in 

the  wheel 

'  and  itave* 

in  the 
trundle. 

Revolu- 
tions of 
the  mill- 
stonoper 
minute, 
by  these 

staves 
and 

teeth. 

1 

^     g  « 

it 

H       M    O 

-i  8.8 

\r*      CO 

til 
1  %^ 

1 

7.62 

3.27 

4.16 

21.63 

130  '  6 

89.98 

2 

10.77 

4.62 

5.88 

15.31 

92     6 

90.02 

3 

13.20 

5.66 

7.20 

12.50 

100     8 

90.00 

4 

15.24 

6.53 

8.32 

10.81 

97     9 

89.94 

5 

17.04 

7.30 

9.28 

9.70 

97  10 

90.02 

6 

18.67 

8.00 

10.19 

8.83 

97  11 

89.98 

7 

20.15 

8.64 

10.99 

8.19 

90  11 

90.01 

8 

21.66 

9.24 

11.76 

7.65 

84  11 

89.96 

9 

22.86 

9.80 

12.47 

7.22 

72  10 

90.03 

10 

24.10 

10.33 

13.15 

6.84 

82  12 

89.95 

11 

25.27 

10.83 

13.79 

6.53 

85  13 

90.05 

12 

26.40 

11.31 

14.40 

6.25 

72  12 

90.00 

13 

27.47 

11.77 

14.99 

6.00 

72  12 

89.94 

14 

28.51 

12.22 

15.56 

5.78 

75  13 

89.94 

15 

29.52 

12,65 

16.13 

5.58 

67  12 

go.oj 

16 

30.48 

13.06 

16.63 

5.41 

65  12 

89.97 

17 

31.42 

13.46 

17.14 

5.25 

63  12 

89.99 

18 

32.33 

13.86 

17.65 

5.10 

61    12 

90.01 

19 

33.22 

14.24   18.13 

4.96 

64  13 

89.92 

20 

34.17 

14.64 

18.64 

4.83 

58   12 

89.84 

1 

2 

8 

4 

5 

6 

7 
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Explanation  and  Use  of  the  Mtll-wrights*  Tables* 

It  has  already  been  observed,  that,  according 
to  theory,  an  undershot  wheel  will  produce  the 
greatest  possible  effect,  when  the  velocity  of  the 
stream  is  double  the  velocity  of  the  wheel ;  and, 
upon  this  principle,  the  first  of  the  preceding 
tables  has  been  computed.  When  we  consider, 
however,  that,  after  every  precaution  is  observed, 
a  small  quantity  of  water  will  escape  between  the 
mill-course  and  the  extremities  of  the  float-boards; 
and  that  the  effect  is  diminished  by  the  resistance 
of  the  air,  and  the  dispersion  of  the  water  carried 
The  vdoci.  up  by  the  .wheel,  the  propriety  of  making  the 
whad^  wheel  move  with  \  of  the  velocity  of  the  water 
tfaouid,  in  will  readily  appear.  The  Chevalier  de  Borda  sup-r 
P"^^*»^  poses  it  never  to  exceed  -f-,  and  Mr.  Smeaton 
S  Uic  '  found  it  to  be  much  nearer  ~  than  j.  With 
4,  therefore,  as  a  proper  medium,  the  numbers 
in  Table  II  have  been  computed  for  this  new  ve- 
locity of  the  wheel. — In  Table  I,  the  water  is  sup- 
posed to  move  with  the  same  velocity  as  falling 
bodies.  Owing  to  its  friction  on  the  mill-course,  &c* 
this  is  not  exactly  the  case;  but  the  erroi*,  arising 
from  the  neglect  of  friction,  might  be  in  a  great: 
^leasure  removed,  by  diminishing  the  height  of 
the  fall  a  few  inches,  in  order  to  have  the  effec- 
tive height,  with  which  the  other  numbers  are  to 
be  taken  out  of  the  table'.  As  this  mode  of 
estimating  the  effects  of  friction  is  rather  uncer-; 
tain,  we  have  deduced  the  velocity  of  the  water 


'  Sec  page  170,  note. 
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fromthe  following  formula,  f^=\/]21xRi 

3  S 

in  which  F'h  the  velocity  of  the  water,  Rb  the  Velocity 
absolute  height  of  the  fall,  and  Hh  the  depth  of  ^^^  di. 
the  water  at  the  bottom  of  the  course.   This  for-  mmuhed 
mula  is  founded  on  the  experiments  of  Bossut,  ^^  ^*""^"' 
from  which  it  appears,  that  if  a  canal  be  inclined 
-^  part  of  its  length,  this  additional  declivity  will 
restore  that  velodty  to  the  water  which  was  de- 
stroyed by  friction. 

We  would  not  advise  the  mechanic,  however, 
to  trust  to  the  second  column  of  Table  II  for  the 
true  velocity  of  the  stream,  or  to  any  theoretical 
results,  even  when  deduced  from  formula  that 
are  most  agreeable  to  experience.  Bossut,  with 
great  justice,  remarks,  '  It  would  not  be  exact, 

*  in  practice,  to  compute  the  velocity  of  a  cur- 

*  rent  from  its  declivity.  This  velocity  ought  to 
^  be   determined  by  immediate   experiment  in 

*  every  particular  case.** — Let  the  velocity  of  the 
yrater,  where  it  strikes  the  wheel,  be  determined 
by  the  method  which  we  shall  now  explain. 
With  this  velocity,  as  an  argument,  enter  column 
second  of  either  of  the  tables,  according  to  the 
velocity  which  is  required  for  the  wheel,  and  take 
out  the  other  numbers  from  the  table. 


Method  of  measuring  tlie  Velocity  of  Heater. 

A  variety  of  methods  have  been  proposed,  byDiflmo^ 
different  pmlosophers,  for  measuring  the  velocity  JJ^^|^^^ 
of  running  water.     The  method  by  floating  bo-  iog  tiie  Te- 
dies,  employed  by  Mariotte  j  the  bent  tube  (tube^^^,  ^ 


*  Traite  d'Hydrodynamiquc,  ^  645. 
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recourhe)  of  Pitot;^  the  regulator  of  Gugliel- 

mini;^   the  quadrant,*  the  little  wheel/  and  the 

method  proposed  by  the  Abbd  Mann, '  have  each 

V  their  advantages  and  disadvantages.     The  little 

wheel  was  employed  by  Bossut.     It  is  the  most 

convenient  mode  ojF  determining  the  superficial 

velocity  of  the  water ;    and  when  constructed, 

in   the    following    manner,    it    will    be    more 

accui^ate,  I  presume,  than  any  instrument  that 

Plate  XII,  has  hitherto  been  used.     The  small  wheel  WW 

Fig.i.App.gj^^^jj    ^^    formed  of  the    lightest   materials. 

rtrumcnt"  I^  should  be  about  10  or  12  inches  in  diameter, 
for  mcawr.  and  fumished  with  14  or  16  float-boards.  This 
loaty  ©r  wheel  moves  upon  a  delicate  screw  aB  passing 
running  through  its  axlc  Bh;  and  when  impelled  by  the 
stream,  it  will  gradually  approach  towards  Z>, 
each  revolution  of  the  wheel  corresponding  with 
a  thread  of  the  screw.  The  number  of  revolu- 
tions performed,  in  a  given  time,  are  determined 
upon  the  scale  m  a,  by  means  of  the  index  0  A, 
fixed  at  0,  and  moveable  with  the  wheel,  each 
division  of  the  scale  being  equal  to  the  breadth 
of  a  thread  of  the  screw,  and  the  extremity  h  of 
the  index  Oh  coinciding  with  the  beginning  of  the 
scale^  when  the  shoulder  b  of  the  wheel  is  screwed 
close  to  the  scale  a.  The  parts  of  a  revolution  are 
indicated  by  the  bent  index  m  n  pointing  to  the 
periphery  of  the  wheel,  which  is  divided  into  100 
parts.  When  this  instrument  is  to  be  used,  take 
it  by  the  handles  6',  D,  screw  the  shoulder  b  of 
the  wheel  close  to  c,  so  that  the  indices  may  both 


'  Mem.  dc  I'Acad.  Paris  1732. 

*  Aquarum  fluentium  Mensura,  lib.  iv. 

*  Bo88ut,Traitc  d'Hydrodynamiquc,  S  654. 
^  Id.  Id.  S  655. 

'^  Phil.  Tians.  t.  Ixix. 
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point  to  O,  the  commencement  of  the  scales; 
then,  by  means  of  a  stop-watch,  or  a  pendulum, 
find  how  many  revolutions  of  the  wheel  are  per- 
formed in  a  given  time.  Multiply  the  mean  cir- 
cumference of  the  wheel,  or  the  circumference 
deduced  from  the  mean  radius,  which  is  equal 
to  the  distance  of  the  centre  of  impulsion  from 
the  axis  bBj  by  the  number  of  revolutions,  and 
the  product  will  be  the  number  of  feet  which  the 
water  moves  through  in  the  given  time.  On  ac- 
count of  the  friction  of  the  screw,  the  resistance 
of  the  air,  and  the  weight  of  the  wheel,  its  circum- 
ference will  move  with  a  velocity  a  little  less  than 
that  of  the  stream  ;  but  the  diminution  of  velo- 
city, arising  from  these  causes,  may  be  estimated 
with  sufficient  precision  for  all  the  purposes  of 
the  practical  mechanic. 


ON  HORIZONTAL  MILLS. 

Although  horizontal  water  wheels  are  very  Horiaontai 
common  on  the  Continent,  and  are  strongly  re-""*^*- 
commended  to  our  notice  by  the  simplicity  of 
their  construction,  yet  they  have  almost  never  been 
erected  in  this  country,  and  are  therefore  not  de- 
scribed in  any  of  our  treatises  on  practical  me- 
chanics.    In  order  to  supply  this  defect,  and  re- 
commend them  to  the  attention  of  the  mill-wright, 
we  shall  give  a  brief  account  of  their  construction. 
In  Fig.  6,' we  have  a  representation  of  one  of  these  Plate  i, 
mills.      j^B  is  the  large   water-wheel,   which  ^'^•*' 
moves  horizontally  upon  its  arbor  CD.     This 
arbor  passes  through  the  immoveable  mill-stone 
EF  at  D;  and,  being  fixed  to  the  upper  one  GfT, 
carries  it  once  round,  for  every  revolution  of  the 
great  wheel ;  N  is  the  hopper,  and  /the  mill- 

M2 
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shoe,  the  rest  of  the  construction  being  the  same 
as  in  vertical  com  mills. 
^^'^  The  mfll-course  is  constructed  in  the  same 

manner  for  horizontal  as  for  vertical  wheels,  with 
this  difference  only,  that  the  part  mBnCj  Fig.  2, 
of  which  KLj  in  Fig.  1 ,  is  a  section,  instead  of 
being  rectilineal  like  m  n,  must  be  circular  like 
mPj  and  concentric  with  the  rim  of  the  wheel, 
sufficient  room  being  left  between  it  and  the  dps 
of  the  float-boards,  for  the  play  of  the  wheel. 

The  equipage^  of  the  mill-stone 'of  a  hori- 
zontal null  may  be  found  by  multiplying  the 
product  of  the  100"*  part  of  the  expence  of  the 
water  in  cubic  feet,  and  the  rebtive  &11,  by  5078, 
and  the  product  will  be  the  weight  of  the  equi- 
page in  pounds  avoirdupois. 

The  mean  radius  of  the  wheel  ^£  is  to  be 

determined  by  multiplying  the  product  of  the 

relative  fall,  and  the  square  root  of  the  expence 

of  water  in  a  second  by  0.062. 

number.        What  has  been  said  respecting  the  number, 

^f«m  of  position,  and  form  of  the  float-boards,  of  vertical 

the  float*   wheels,  may  be  applied  also  to  horizontal  ones. 

boards,      j^  ^^  latter,  however,  the  float-boards  mi;st  be 

inclined,  not  only  to  the  radius,  but  also  to  the 

plane  of  the  wheel,  with  the  same  angle  as  they 

are  inclined  to  the  radius,  so  that  the  lowest  and 

the  outermost  sides  of  the  float-boards  may  be 

&rthest  up  the  stream. 

Vciociqr  of     Since  the  millstone  of  horizontal  mills  per- 

*  °"  '   forms  the  same  number  of  revolutions  as  the 

w^ter-wheel ;  and  since  a  millstone  five  feet  in 

diameter  should  never  make  less  than  48  turns 

in  a  minute,  the  wheel  must  perform*'  the  same 


*  The  equipage  comprehends  the  mill-etonet  the  water< 
wheel,  and  its  arbor. 


stone. 
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number  of  revolutions  in  the  same  time;  and 
in  order  that  the  effect  may  be  a  maocimum^  or 
the  greatest  possible,  the  velocity  of  the  current 
must  be  double  that  of  the  wheel.  Suppose  the 
millstone,  for  example,  to  be  five  feet  diame* 
ter,  and  the  water-wheel  six  feet,  it  is  evident 
that  the  millstone  and  wheel  must  at  least  re- 
volve 48  times  in  a  minute ;  and  since  the  dr-* 
cumference  of  the  wheel  is  18.8  feet,  the  float- 
boards  will  move  through  that  space  in  the  48^ 
part  of  a  minute,  that  is  nearly  at  the  rate  of 
15  feet  per  second,  which  bdng  doubled  makes 
the  velocity  of  the  water  30  feet,  answering,  as 
appears  from  the  preceding  table,  to  a  fall  of 
14  feet.  But  if  the  given  fall  of  water  be  less 
than  1 4  feet,  we  may  procure  the  same  velocity 
to  the  millstone  by  diminishing  the  diameter  of 
the  wheel.  If  the  wheel,  for  instance,  is  only 
five  feet  diameter,  its  circumference  will  be  15.7 
feet,  and  its  floats  will  move  at  the  rate  of  1 2.56 
feet  in  a  second,  the  double  of  which  is  25.12 
feet  per  second,  which  answers  to  a  head  of  wa^ 
ter  less  than  ten  feet  high.  As  the  diameter  of 
the  water-wheel,  however,  should  never  be  less 
than  seven  times  the  breadth  of  the  mill-course 
at  JT,  (Fig.  l),  there  will  be  a  certain  height  of 
the  fall  beneath  which  we  cannot  employ  hori- 
zontal wheds,^  without  making  the  millstone  re- 
volve too  slowly.  This  height  will  be  found  by 
the  following  table. 

^  This  applies  only  to  mills  for  grinding  com,  where 
the  millstone  it  fixed  on  the  arbor  of  the  water-wheel,  and 
must  move  with  a  determinate  velocity.  For  any  other 
purpose  horizontal  wheels  may  be  used,  however  smaD  be 
•the  fall  of  water. 
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Method  of 
of  fiuding 
whether 
horizontal 
or  vertical 
mills 
Khould  be 
erected. 


Whcu  the  natural 
depth  of  the  water 
at  the  bottona  of 
the  fall  u  to  the 
breadth  of  the  mill* 
course  at  the  same 
place,  as 


3  to  I  2  to  1 


llie  relative  fall 
beneath  which  we 
cannot  employ  ho- 
rizontal mills,  will 
be 


Ft.  Dec 


7.3148.60211.350 


1  to  1 

Equal. 


Ft.  Dec.  Ft.     Dtc 


■ItO  1 


|tol 


14.976 


Ft.     Dec  Ft.     Dec. 


Thus,  if  the  natural  depth  of  the  water  at  Ky 
Fig.  1,  is  three  times  the  width  of  the  mill- 
course  at  the  same  place,  the  relative  fall  be- 
neath which  we  cannot  employ  a  horizontal 
wheel  will  be  7.314  feet.  Since  the  depth  of 
the  water  is  so  great  in  this  case,  a  great  quan- 
tity of  it  will  be  discharged  in  a  second,  and 
therefore  it  requires  a  less  velocity,  or  a  less 
height  of  the  fall,  to  impel  the  wheel,  whereas 
if  the  depth  of  the  water  had  been  only  one 
third  of  the  width  of  the  mill-course,  such  a 
small  quantity  would  be  discharged  in  a  second 
that  we  must  make  up  for  the  want  of  water  by 
giving  a  great  velocity  to  what  we  have,  or  by 
making  the  height  of  the  fall  17.613  feet. 

In  order  to  find  the  radius  of  the  millstone  in 
horizontal  mills,  multiply  the  expence  of  water 
in  cubic  feet  in  a  second,  by  tlia  relative  fall ; 
extract  the  square  root  of  the  product,  and  mul- 
tiply this  root  by  0.267,  the  product  will  be  the 
radius  of  the  itiillstone  in  feet. 
Perform-        The  quantity  of  meal  ground  in  an  hour  may 
Tizontli^^'  ^^  f^^in^  by  the  rules  already  given,  for  vertical 
mills.         mills,  or  by  multiplying  the  product  of  the  ex- 
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pence  of  water,  and  the  relative  fall,  by  4561b, 
and  the  result  will  be  the  quantity  required. 

The  thickness  of  the  millstone  at  the  centre 
and  circumference,  the  thickness  of  the  arbor 
and  pivots,  may  be  determined  by  the  rules  al- 
ready laid  down  for  vertical  mills. 

In  horizontal  wheels,  the  mill-course  is  some-  Horizontal 
times    differently   constructed.     Instead   of  the  ?jj?if„^/^ 
water  assuming  a  horizontal  direction  before  it  float- 
strikes  the  wheel,  as  in  the  case  of  undershot- ^***^^** 
mills,  the  float-board  is  so  inclined  as  to  receive 
the  impulse  perpendicularly,  and  in  the  direction 
of  the  declivity  of  the   waterfall.     When  this 
construction  is  adopted,  the  greatest  effect  will 
be  produced  when  the  velocity  of  the  float-boards 

is  not  less  than  ^^  gi^-^j'  >  ^^  which  H  repre- 
sents the  height  of  the  waterfall,  and  j4  the 
angle  ^vhich  the  direction  of  the  fall  makes  with 
a  vertical  line.  But  since  this  quantity  increases 
as  the  sine  of  A  decreases,  it  follows,  that  with- 
out taking  from  the  effect  of  these  wheels,  we  may 
diminish  the  angle  yj,  and  thus  augment  con- 
siderably the  velocity  of  the  float-boards,  accord- 
ing to  the  nature  of  the  machinery  employed ; 
whereas,  in  vertical  wheels,  there  is  only  one 
determinate  velocity,  which  produces  a  maximum 
effect.  * 

In  the  southern  provinces  of  France,  where  with  curvi- 
horizontal  wheels  are  very  generally  employed,  ^"^j^°*^* 
the  float-boaris  are  made  of  a  curvilineal  form, 
so  as  to  be  concave  towards  the  stream.     The 
Chevalier  de  Borda  observes,  that  in  theory  a 
double  effect  is;  produced  wh^n  the  float-boards 


'  •  '  Se^.Memoire  sur  les  Roiies  Hydrauliqucs,  Mem.  dr 
•  L' Acad.  Royal.  Par.  17t>7,  p.  385. 
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are  concave,  but  that  this  effect  is  diminished  m 
practice,  from  the  difficulty  of  making  the  fluid 
enter  and  leave  the  curve  in  a  proper  direction. 
Notwithstanding  this  difficulty,  however,  and 
other  defects  wnich  might  be  pointed  out,  hori^- 
zontal  wheels  with  concave  float-boards  are  al- 
ways superior  to  those  in  which  the  float-boards 
are  plain,  and  even  to  vertical  wheels,  when 
there  is.  a  sufficient  head  of  water.  When  the 
float-boards  are  plain,  the  wheel  is  driven  merdy 
by  the  impulse  of  the  stream ;  but  when  they 
are  concave,  a  part  of  the  water  acts  by  its 
weight,  and  increases  the  velocity  of  the  wheel. 
If  the  fall  of  water  be  five  or  six  feet,  a  horizon- 
tal wheel  with  concave  float-boards  may  be  erect- 
ed, whose  maximum  effect  will  be  to  that  of 
ordinary  vertical  wheels  as  3  to  2. 
Com<^ho-  In  the  provinces  of  Guyenne  and  Languedoc, 
JJJ^  ^th^uiother  species  of  horiz<mtal  wheels  is  employed 
spini  float- for  turning  machinery.  They  consist  of  an  in- 
verted  cone,  AB^  with  spiral  float-boards  of  a 
xiii,Kg.i,curvilineal  form  winding  round  its  surface..  The 
4j^  wheel  moves  on  a  vertical  axis  in  the  building 
D  Dy  and  is  driven  chiefly  by  the  impulse  of  the 
water  conveyed  by  the  canal  C  to  the  oblique 
float-boards.  When  the  water  has  spent  its  impul- 
sive force,  it  descends  along  the  spirals,  and 
continues  to  act  by  its  weight  till  it  reaches  the 
bottom,  where  it  is  carried  off  by  the  canal  M. 


ON  DOUBLE  CORN  MILLS. 


i>ottWc         It  frequently  happens  that  one  water-wheel 

corn  mi     ^ygg  ^^^  miUstones,  in  which  case  the  mill  is 

said  to  be  double  ;  and  when  there  is  a  copious 

discharge  of  water  from  a  high  fall,  the  same 
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water -wheel  may  give  sufficient  velocity  to  three, 
four,  or  five  millstones.  Mr.  Ferguson  ha^ 
given  a  brief  description  of  a  double  mill  in 
vol.  i,  p.  101,  and  a  .drawing  of  one  in  Plate  VII, 
Fig.  4,  but  has  laid  down  no  maxim  of  con- 
struction for  the  use  of  the  practical  mechanic. 
In  supplying  this  defect,  let  us  first  attend  to 
double  horizontal  mills,  in  which  the  axis  CD^ 
Fig.  6,  is  furnished  with  a  wheel  which  gives  F««^* 
motion  to  two  trundles,  the  arbors  of  which 
carry  the  millstones. 

In  order  to  find  the  weight  of  the  equipage 
for  each  millsone,  multiply  the  product  of  the 
expoice  of  water,  and  die  relative  fall,  by 
481161b,  and  divide  the  product  by  2000,  if 
there  are  two  millstones,  3000  if  there  are  three, 
and  so  on,  Ishe  quotient  will  be  the  weight  of 
the  equipage  of  each  millstone. 

To  determine  the  radius  of  the  wheel  that  size  of  the 
drives  the  trundles,  find  first  the  radius  of  thejJ^J^J^' 
millstones  by  the  rules  already  given,  and  having  tnmdies. 
added  it  to  half  the  distance  between  the  two 
neighbouring    millstones,*    subtract   from    this 
sum  the  radius  of  the  lantern,  which  may  be  tak- 
en at  pleasure,  and  the  remainder  will  be  the 
radius  required  when  there  are  two  millstones. 
But  if  there  are  three  millstones,  or  four,  or 
five,  or  six,  before  subtracting  the  radius  of  the 
lantern,  divide  the  sum  by  0.864, 0.705,  0.587, 
0.5,  respectively. 

The  mean  radius  of  the  water-wheel  may  be  sixe  of  the 


found  by  multiplying  the  square  root  of  the  re- 
lative fall  by  the  radius  of  the  millstone,  by  the 


water- 
wheeL 


*  This  quantity  may  be  taken  at  pleasure,  and  should 
aever  be  less  than  2  feet,  however  great  be  tjbe  number  of 
the  millstQnts.  * 
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radius  of  the  wheel  that  drives  the  trundles,  and 
by  23 1 ,  and  then  dividing  the  product  by  the 
radius  of  the  lantern  multiplied  by  1000,  the 
quotient  will  be  the  wheel's  radius.  It  may  hap- 
pen, however,  that  the  diameter  of  the  wheel 
found  in  this  way  is  too  great.  When  this  is 
"  the  case,  we  may  be  certain  that  the  radius  of 
the  lantern  has  been  taken  too  small.  In  order 
then  to  get  a  less  value  for  the  wheel's  radius, 
increase  a  little  the  radius  of  the  lantern,  and 
find  new  numbers  both  for  the  water-wheel,  and 
that  which  drives  the  trundles,  by  the  preceding 
rule.  It  may  happen  also,  that  in  giving  an  ar- 
bitrary value  to  the  radius  of  the  lantern,  the 
diameter  of  the  wheel  found  by  the  rule  may  be 
too  «mall,  that  is,  less  than  seyen  times  the 
breadth  of  the  mill-course  at  the  4)ottom  of  the 
fall.  .When  this  takes  place,  make  the  diameter 
of  the  water-wheel  seven  times  the  width  of  the 
mill-course,  and  you  may  find  the  radius  of  the 
other  wheel  and  lanterns  by  the  following  rules. 
Size  of  the  1.  To  find  the  radius  of  the  wheel  that  impels 
drivM  t^'  the  trundles ;  add  the  radius  of  the  millstone 
tnmdic  '  to  half  the  distance  between  any  two  adjoining 
millstones  for  a  first  quantity.  Multiply  the 
square  root  of  the  relative  fall  by  the  radius  of 
the  millstone  and  by  .231 ;  and  having  divided 
the  product  by  the  radius  of  the  water-wheel, 
add  unity  to  the  quotient,  and  multiply  the  sum 
by  I  if  there  are  two  millstones,  by  .864  if 
there  are  three,  by  .705  if  there  are  four,  by 
•587  if  there  are  five,  and  by  .5  if  there  are  six, 
and  the  result  will  be  a  second  quantify.  Divide 
the  first  by  the  second  quantity,  an^  the  quo- 
tient will  be  the  radius  of  the  wheel  that  drives 
the  trundles. 

2.  To  find  the  radius  of  the  lantern^  multiply 
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the  radius  of  the  wheel  as  found  by  the  pre- size  of  the 
ceding  rule,  by  the  square  root  of  the  relative  ^^"*"'' 
fall,  and  by  .231,  and  divide  the  product  by  the 
radius  of  the  water-wheel,  the  quotient  >^iU  be 
the  lantern's  radius. 

By  the  rules  formerly  given  find  the  quantity 
of  meal  ground  by  one  millstone,  and  having 
multiplied  this  by  the  number  of  millstones,  the 
result  will  be  the  quantity  ground  by  the  com- 
pound mill. 

If  the  equipage  of  the  millstone  of  a  vertical 
mill,  as  found  in  p.  159,  should  be  too  great, 
that  is,  if  it  should  require  too  large  a  millstone, 
then  we  must  employ  a  double  mill,  like  that 
which  is  represented  in  Plate  VII,  Fig.  4,  or  one 
which  has  more  than  two  millstones. 

In  order  to  know  the  equipage  of  each  mill- 
stone, find  it  by  the  rule  for  a  single  mill,  and 
having  multiplied  the  quantity  by  .947,  divide 
the  product  by  the  number  of  millstones,  and  the 
quotient  will  be  the  equipage  of  each  millstone. 

The  radius  of  the  wheel  /),  Plate  VII,  Fig.  4, 
will  be  found  by  the  same  rule  which  was  given 
for  horizontal  mills  ;  but  it  must  be  attended  to, 
that  the  lantern  whose  radius  is  there  emploved 
is  not  BB,  but  FG,  or  EH. 

To  determine  the  mean  radius  of  the  large  size  of  the 
spur-wheel  AA^  which  is  fixed  upon  the  arbor  *P"^'^^^'- 
of  the  water-wheel,  multiply  the  square  of  the 
radius  of  the  lanterns  F  G  or  E 11,  by  the  radius 
of  the  water-wheel,  and  also  by  4302,  and  a  first 
quantity  will  be  had.     Multiply  the  square  root 
of  the  relative  fall  by  the  radius  of  one  of  the 
millstones,  and  by  the  radius  of  the  wheel  i), 
and  by  1000,  and  a  second  quantity  ^yill  be  ob- 
tained.    Divide  the  first  quantity  by  the  second,    . 
and  the  quotient  will  be  the  mean  radius  of  the 
wheel  A  A.  s 
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The  quantity  of  meal  ground  by  a  compound 
mill  of  this  kind,  is  found  by  the  same  rule  that 
was  employed  for  compound  mills  driven  by  a 
horizontal  water-wheel. 


ON  BREAST  MlLLS« 

^f  A  breast  water-wheel  partakes  of  the  nature 

both  of  an  overshot  and  an  undershot  wheel :  it 

y^t  J*  '  is  driven  partly  by  the  impulse,  but  chiefly  by 
the  weight  of  the  water.  Fig.  1 ,  of  Plate  II,  re* 
presents  a  water-wheel  of  this  descripdon,  where 
MC  is  the  stream  of  water  fidling  upon  the  float- 
board  0,  with  a  velocity  corresponding  to  the 
height  m  n,  and  afterwards  acting  by  its  wdght 
upon  the  float-boards  between  o  and  B.  The 
mill-course  oB  is  concentric  with  the  wheel, 
which  is  fitted  to  it  in  such  a  manner  that  very 
little  water  is  permitted  to  esca^  at  the  sides  an4 
extremities  of  the  float-boards.  The  ^ect  of  a 
mill  driven  in  this  manner,  is  equal,  accord- 
ing to  Mr.  Smeaton,  ^  to  the  effect  of  an  under- 
<  shot  mill,  whose  head  is  equal  to  the  differ- 

*  ence  of  level  between  the  sur£u:e  of  water  iai 

*  the  reservoir  and  the  point  where  it  strikes  the 
^  wheel,  added  to  that  of  an  overshot,  whose 

*  height  is  equal  to  the  difference  c^  level  be- 

*  tween  the  point  where  it  strikes  the  wheel  aod 

*  the  level  ot  the  tail  water.'  ^  That  is,  the  effect 
of  the  wheel  j4  is  equal  to  that  of  an  undershot 
wheel  driven  by  a  fall  of  water  equal  to  m  n, 
added  to  that  of^an  overshot  wheel  whose  height 
is  equal  to  n  Z>.    M.  Lambert  of  the  Academy 


'  Smeaton  on  Mills,  SchoUvnuj  p.  36. 
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of  Sciences  at  Berlin,*  has  shewn,  that  when  the 
float-boards  arrive  at  the  position  o  />,  they  should 
be  horizontal,  or  the  point  p  should  be  lower 
than  o,  in  order  that  the  whole  space  between 
any  two  adjacent  float-boards  may  be  filled  with 
water;  and  that  C  m  should  be  equal  to  the 
depth  of  the  float-boards.  He  observes  also,  that 
a  breast  wheel  should  be  used  when  the  fall  of 
water  is  above  foiur  feet,  and  below  ten,  provid- 
ed the  discharge  of  water  is  sufficiently  copious ; 
that  an  undershot  wheel  should  be  preferred 
when  the  fall  is  below  four  feet,  and  an  overshot 
wheel  when  the  fall  exceeds  ten  feet ;  and  that, 
when  the  fall  exceeds  1 2  feet,  it  should  be  divide 
ed  into  two,  and  two  breast  mills  erected.  This, 
however,  is  only  a  general  rule  which  many  cir- 
cumstances may  render  it  necessary  to  overlook* 
The  following  table,  which  may  be  of  essential 
utility  to  the  practical  mechanic,  is  calculated 
from  the  formulae  of  Lambert,  and  exhibits  at 
one  view  the  result  of  his  investigations. 


f  NouT.  Mem.  de  PAcad.  de  Berlin,  1775,  p.  71. 
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It  IS  evident  from  the  preceding  table,  that, 
when  the  height  of  the  fall  is  less  than  3  feet, 
the  depth  or  the  float-boards  is  so  great,  and 
their  breadth  so  small,  that  the  breast-wheel  can- 
not well  be  employed ;  and,  on  the  contrary, 
when  the  height  of  the  fall  approaches  to  10 
feet,  the  depth  of  the  float-boards  is  too  small  in 
proportion  to  their  breadth.  These  two  extremes, 
therefore,  must  be  avoided  in  practice.  The  ele- 
v^th  column  contains  the  quantity  of  water  ne- 
cessary for  impelling  the  wheel,  but  the  total  ex- 
pence  of  water  should  always  exceed  this  by  the 
quantity,  at  least,  which  escapes  between  the 
mill-course  and  the  sides  and  extremities  of  the 
float-boards. 

Mr.  Siebike,  son  of  the  inspector  of  mills  at  i>imcnttoni 
Berlin,  has  given  the  following  dimensions  of  an  wh^iT**' 
excellent  breast  water-wheel,  differing  very  little 
from  that  which  is  represented  in  Fig.  1 ,  Plate  2.  f^^^* 
The  water,  however,  instead  of  falling  through 
the  height  c  w,  which  is  16  inches  Rhynland 
measure,^  is  delivered  on  the  float-board  o  />, 
through  an  adjutage  Q^  inches  high.  The  height 
71  D  is  4  feet  2  inches ;  consequently,  the  whole 
height  C  D  must  be  5^  feet.  The  radius  of  the 
wheel  A  Bis  &\  feet,  the  breadth  of  each  float- 
board  64-  inches,  and  its  depth  28  inches.  The 
point  P  of  the  wheel  moves  at  the  rate  7,588 
feet  in  a  second.  The  expence  of  watei*  in  21 
second  is  5,266  cubic  feet,  and  the  force  upon 
the  float-boards  356  pounds  avoirdupois.  The 
turning  millstone  weighed  197()  lbs.  avoirdupois ; 
its  diameter  was  3  feet  84-  inches,  and  it  perform- 
ed 2y  revolutions  in  a  second. 


^  A  Rhynland  foot  is  to  an  English  foot  as  1033  to 
IOOO9  or  one  Rhynland  foot  is  equal  to  12  inches  and  4 
lines  Enjrlish. 


MECHANICS. 


PRACTICAL  REMARKS  ON  THE  PERFORMANCE 
AND  CONSTRUCTION  OP  OVERSHOT  WATER 
WHEELS. 


On  the  method  of  computing  the  effective  power 
of  overshot  wheels  in  turning  machinery. 

OntVe      In  overshot  mills,  where  the  wheel  is  moved 
£^T'J^    by  the  weight  of  the  water  in  the  buckets,  each 

water  on     i'tii»rt"  t'li 

overshot    bucket  has  a  different  power  to  turn  the  wheel ; 

wheels.  3JJ J  j|^  power  is  proportioned  to  the  distance  of 
the  bucket  from  the  top  or  bottom  of  the  wheel ; 
or  more  accurately,  to  the  sine  of  the  arch  con- 
tained between  the  centre  of  the  bucket  and  the 
top  or  bottom  of  the  wheel,  according  as  the 
bucket  is  above  or  below  its  centre.  The  bucket, 
for  instance,  placed  upon  the  top  of  the  wheel, 
has  no  power  to  turn  it ;  the  buc^ket  next  to  this 
contributes  but  a  little  to  turn  the  wheel,  because 
it  is  virtually  placed  at  the  extremity  of  a  very 
short  lever ;  whereas  the  bucket,  which  is  equaN 
ly  distant  from  the  top  and  bottom  of  the  wheel, 
and  which  is  level  with  the  centre,  has  the  great- 
est power  to  turn  it,  because  it  acts  at  the  extre- 
mity of  a  lever  equal  to  the  wheel's  semidiameter. 
If  we  suppose,  then,  that  each  bucket  contains 
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one  gallon  of  water,  equal  in.  wdght  to  10.2 
lb  avoirdupois ;  we  may,  by  the  simplest  oper^ 
ations  in  trigonometry,  compute,  in  pounds  avoir* 
dupois,  the  power  wUch  each  bucket  exerts  in 
turning  the  wheel ;  and,  by  taking  the  sum  of 
these,  we  will  have  the  effective  weight  of  the  * 
water'  in  the  buckets,  and,  consequendy,  its  pn> 
portion  to  the  real  weight  of  the  water,  with 
which  the  semi-circumforence  of  the  wheel  is 
loaded.  Those  who  choose  to  make  this  calcu-^ 
lation,  will  find  that  the  total  weight  of  water 
upon  the  semi-circumference  of  an  overshot  wheel 
is  to  the  effective  weight  as  1  to  .637 ;  but,  as 
two  or  three  of  the  buckets  at  the  bottom  6f  the 
arch  are  always  empty,  the  proportion  will  rather 
be  as  1  to  .75  nearly.  From  these  principles^ 
we  may  deduce  the  following  method,  simpler 
than  any  hitherto  given,  of  computing  die  effec* 
live  weight  of  water  upon  overshot  wheels  of  any 
diameter. 

Rule. — Multiply  the  constant  nuiliber  6Ai^^^ 
by  half  the  number  of  buckets,  and  diis  pro-^  ^*^'  *^- 
duct  by  the  number  of  gallons  in  etch  bucket, 
and  the  result  will  be  the  effective  weight  of  the 
water  upon  the  wheel,  three  buckets  being  sup- 
posed empty  at  the  bottom.  This  rule  is  protty 
accurate  for  wheels  from  20  to  82  feet  in  dia- 
meter.    But  when  the  diameter  of  the  wheel  i9 


^  This  phfasty  which  is  us^d  by  pnu:tieal  mechanics,  it 
very  exceptionable ;  as  eVery  drop  of  water' in  the  buckets^ 
excepting  the  vertical  bucket,  is  effective.  By  the  effectiyt 
weight  of  the  water,  therefore,  we  niust  understand  that 
weight  which,  if  suspended*  at  the  opposite  extrendty.  of 
th'e  wheel,  would  keep  it  in  egmliMp^  or  balance  the  loaided 
arch. 

roi.  II.  N 
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less  than  20  feet,  the  answer  given  by  the  rule 
must  be  diminished  one  pouiiHd  avoirdupois  for 
every  foot  which  the  wheel  is  less  than  20. 

Suppose  that  it  is  required  to  find  the  effective 
weight  of  water  upon  a  wheel  18  feet  in  diameter, 
havmg  40  budcets,  each  containing  two  gallons 
ale  measure.  Then  6.12x20x2=244.8.  But 
as  the  diameter  of  the  wheel  is  two  feet  below 
20,  we  must  deduct  two  pounds  from  the  pre- 
ceding answer,  and  the  result  will  be  242.8  lb 
avoirdupois.   . 


On  die  perfomumce  of  Overshot  and  Undershot 

MUls. 

Perform-       From  a  number  of  accurate  experiments  made 
^^^    by  the  ingenious  Mr.  Fenwick,  upon  a  variety  of 
and  undei .  excellent  oversbot  mills,  it  appears,  that  wnen 
jhocwkcdk^g  water  wheel  is  20  feet  in  diameter,  392  gal* 
Ions  of  water  per  minute  (ale  measure)  will  grind 
one  boll  of  com  per  hour  (Winchester  measure) ; 
675  gallons  per  minute  will  grind  2  bolls  \  945 
gallons  will  grind  3  bolls;    1270  gallons  wiU 
grind  4  bolls,  and  1623  gallons  will  grind  5 
bolls.    From  these  data  it  will  be  easy  to  com- 
pute Ae  performance  of  an  overshot  null,  what- 
ever be  the  diameter  of  the  wheel  and  the  supply 
of  water. 

^»»P^  Example  I. — ^Let  it  be  required  to  find  how 
many  bolls  of  com  will  be  ground  by  an  over- 
shot, mill,  driven  by  a  wheel  25  feet  in  diameter,, 
upon  which  1 1 50  gallons  of  water  are  discharg- 
ed in  a  minute.     Say^  as  the  nearest  number 

Galb.      BoUs.    Galla.         BaUi. 

1270:  4=1150:  3.62,  the  quantity  of  com 
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ground  by  a  wheel  20  feet  in  diameter.     Then 
to  find  the  quantity  which  a  25  feet  wheel  will 

FeeL    Bolli.     Feet.    Bolb. 

grind,  say,  as  20:8.62^:25:4.52  the  answer 
required. 

Example  2. — ^If  it  is  required  to  grind  Si  bolls 
of  com  per  hour,  where  die  stream  discharges 
gallons  in  a  minute,  what  must  be  the  diameter 
6220  of  the  wheel  ?  Find  the  number  of  gallons 
which  a  20  feet  wheel  will  require  for  grindmg  the 
given  quantity  of  com  by  the  following  propibr'- 

BoUt.  Galk.      BoDi.      GaUa. 

rion.  As  4 :  1270=3.5 :  11 1 1.  Then,  by  inverse 

Galk    Feet.       OalU.    Feet. 

proportion,  1111: 20=2220 :  10  the   diameter 
of  the  wheel  required* 

In  order  to  find  the  quantity  of  com  ground  Perform- 
by  an  undershot  mill,  which  is  moved  by  a  simi-  J^S^ilot 
lar  wheel,  and  a  similar  quantity  of  water,  as  anmOk. 
overshot  mill ;  divide  the  quantity  groimd  in  an 
overshot  mill  by  2.4,  and  the  quotient  will  be  the 
answer.    If  it  is  required  to  know  what  size  of 
wheel  is  necessary  for  making  an  imdershot  mill 
grind  a  certain  quantity  of  com,  the  supply  of 
water  being  given ;  find  the  size  of  an  overshot 
wheel  necessary  for  producing  the  same  effect, 
and  multiply  this  by  2.4;  the  product  will  be 
the  required  diameter  of  the  undershot  wheel. 


N2 
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On  the  Jbrmalioh  of  the  Buckets^  and  the  proper 
Velocity  of  Overshot  Wheels. 

Plate  III,  Let  AM  (Rate  III,  Fig.  4)  be  part  of  the 
P'S-4*  shroudixig,  or  ring,  of  buckets  of  an  overshot 
Form  of  whcel,  uOFABCD  is  the  form  of  one  of  these 
the  buckets  buckets.  The  shc^lder,  AB^  of  the  bucket 
wh^""' should  be  one  half  of  AE,  the  depth  of  the 
shrouding;  AF  should  be  j-  more  than  AE. 
The  arm,  BC^  of  the  bucket  must  be  so  inclined 
to  ABy  that  HC  may  be  J-  of  AE;  and  CD^  the 
wrist  of  the  bucket,  must  make  such  an  angle 
with  BOn^  the  direction  of  the  arm,  that  Dn  may 
be  -f  of  -fin. 
imjtvtt'  A  very  considerable  improvement,  in  the  con- 
K^  B«M  s^^<^^on  of  the  bucket^  has  been  made,  by  Mr. 
Robert  Bums,  at  Cartside,  Renfrewshire.  He 
divides  the  bucket,  by  a  partition,  mB^  of  such  a 
height,  that  the  portions  of  the  bucket,  on  each 
side  of  it,  may  be  of  equal  capacity.  Dr.  Robi- 
son  observes,  that  this  principle  is  susceptible  of 
considerable  extension,  and  recommends  two  or 
more  partitions^  particularly  when  the  wheel  is 
made  of  iron.  By  this  means,  the  fluid  is  retain- 
ed longer  in  the  lower  buckets,  and  when  there 
is  a  small  supply  of  water,  it  may  be  delivered 
into  the  outer  portion  of  the  bucket,  which,  be- 
ing at  a  greater  distance  from  the  centre  of  mo- 
tion, increases  the  power  of  the  water  to  turn  the 
wheel.  Dr.  Robison  advises,  that  the  rim  of  the 
wheel,  and  consequently  die  breadth  of  the 
buckets,  should  be  pretty  large,  in  order  that  the 
quantity  of  water,  which  they  receive  from  the 
^ut,  may  not  nearly  fill  the  bucket.  The  8pout;« 
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which  conveys  the  water,  should  be  considerably 
narrower  than  the  breadth  of  the  bucket ;  and 
the  shoulder  AB  should  be  perforated  with  a  few' 
holes,  in  order  to  prevent  the  water  from  being 
lifted  up  by  the  amending  buckets.  The  distance 
of  the  spout,  from  the  receiving  bucket,  should, 
in  general,  be  two  or  three  inches,  that  die  water 
may  be  delivered  with  a  velocity  a  little  greater 
than  that  of  the  rim  of  the  wheel ;  otherwise  the 
wheel  will  be  retarded,  by  the  impulse  of  the 
buckets  against  the  stream,  and  much  power 
would  be  lost,  by  the  water  dashing  over  them.^ 

The  proper  velocity  of  an  overshot  wheel  is  a  Vciodty  of 
point,,  upon  which  some  celebrated  mechanicians ^^^ 
have  entertained  different  sentiments.  From  a 
variety  of  experiments,  Mr.  Smeaton  infers,  in 
general,  that  the  circumference  of  the  wheel 
diould  move  with  the  velocity  of  a  little  more 
than  three  feet  per  second.  *  Experience,'  says 
he,  ^  confirms,  that  this  velocity  of  three  feet 
^  in  a  second  is  applicable  to  the  highest  over- 
^  shot  wheels,  as  well  as  the  lowest ;  and  all 
^  other  parts  of  the  work  being  properly  adapted 
^  thereto,  will  produce,  very  nearly,  the  greatest 
^  effect  possible ;  however,  this  sJso  is  certain, 
^  from  experience,  that  high  wheels  may  deviate 
*  farther  from  this  rule,  before  they  will  lose 


*  If  the  spout  be  one  hub  and  tevenMntbi  above  the  re- Height  qi 
ceiving  bucket,  it  will  deliver  the  water  with  the  velocity  *he  ipout 
of  the  wheel,  that  is  about  three  feet  per  second.   In  *^^^^»2J|^l 
therefore,  to  make  the  velocity  of  the  vrater  exceed  a  little 
that  of  the  wheel,  the  height  of  the  spout  should  be  2j> 
inches,  and  the  water  will  move  at  the  rate  of  three  feet 
seven  inches  per  second.    Dr.  Robison  recommends  three 
or  four  inches;  but  this  is  evidently  too  great,  as  four 
inches  gives  a  velocity  of  fotur  feet  seyen  inchei  per  second. 

N3 
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thar  power,   by  a  given  aliquot  part  of  the 
whole,  than  low  ones  can  be  admitted  to  do}  for 
a  wheel  of  24  feet  high  may  move  at  the  rate 
of  six  feet  per' second,  without  losing  any  con- 
siderable part  of  its  power ;  and,  on  the  other 
hand,  I  have  seen  a  wheel  of  S3  feet  high,  that 
has  moved  very  steadily  and  well  with  a  velocity 
but  little  exceeding  two  feet/  * 
^s^*n\        M.  Depardeux "  shews,  that  most  work  is 
S^      performed  by  an  overshot  mill,  when  it  moves 
deux.       slowly,  and  that  the  more  we  retard  its  mo- 
tion, by  increasing  the  work  to  be  performed, 
thegreater  will  be  the  performance  of  the  wheel. 
— ^Tws  important  conclusion  was  deduced,  by* 
^^oi^^t  I^P*^^^"^»  from  experiments  made  upon  a  small 
wheels  in-  wheel,  20  iuches  in  diameter,  furnished  vtrith  4& 
ih^  ff  buckets,  which  received  the  water  like  a  breast- 
city.        wheel.     On  the  axis  of  this  wheel  were  phced 
cylinders  of  different  sizes,  the  smallest  being 
one  inch,  and  the  largest  four  inches,  in  dia- 
meter, around  which  was  wrapped  a  cord,  with  a 
weight  attached  to  it.  *     When  the  one-inch  cy- 
linder was  used,  a  weight  of  1 2  ounces  was  ele- 
vated to  the  height  or  69  inches  and  9  lines; 
and  a  weight  of  94  ojmces  was  elevated  40 
inches.     When  the  four-inch  cylinder  was  em- 
ployed, a  weifi;ht  of  1 2  ounces  was  raised  to  the 
altitude  of  87  mches  and  9  lines,  and  a  weight  of 
24  ounces  to  the  height  of  45  inches  and  3  Imes. 
From  these  results,  it  is  evident,  that,  with  the 


'  Smeaton  oo  MiUs,  p.  33. 

"  Mem.  de  l^AcicL  Paris,  1754,  p.  603,  671,  4"'.;  p. 
928,  1033,  9^. 

*  The  model  employed,  In  Mr.  Smeaton's  eipenments, 
resembles  Tery  much  that  of  Deparcieux,  though  their  c;t- 
perimeots  were  made  about  the  same  time. 
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four-inch  cylinder,  when  the  motion  was  slowest 
the  eflFect  was  greatest,  and  that,  when  a  double 
weight  was  uAed,  which  diminished  the  wheel's 
velocity,  the  weight  was  raised  to  more  than  half 
its  fcmner  height.  ^ 

This  increase  of  performance,  by  diminishing  Causei  of 
the  wheel's  yelocity,  has  been  ascribed  to  differ-  ^>** 
ent  causes.  Depardeux  and  Brisson  account  for 
it,  by  saying,  that  when  the  motion  of  the  wheel 
IS  slow,  the  same  pordon  of  water  acts  more  ef- 
Acadously.  Dr.  Robisoa  and  Mr.  Smeaton 
ascribe  it  to  a  greater  quantity  of  water  pressing 
on  the  wheel ;  for,  when  the  wheel's  modon  is 
slow,  the  buckets  receive  more  water  as  they  pass 
the  spout.  One  of  the  most  powerful  causes, 
however,  is,  a  diminudon  of  the  centrifugal  force 


'  Mr.  J.  A8>eit  Euler,  whose  memoir,  on  the  best  Me- 
thod of  employing  the  Force  of  Water  and  other  Fluids, 
gained  the  prize,  proposed  by  the  Royal  Society  of  Got- 
tingen,  in  17^4,  has  also  shewn,  that  the  more  slowly  an 
overshot,  or  breast-wheel,  with  buckets  moves,  the  greater 
will  be  its  performance.  See  the  Comment.  Gotting.  1754, 
or  the  Journal  Etranger^  Dec.  1 756.  Mr.  Smeaton,  too, 
deduces,  from  his  experiments,  this  general  rule,  that,  €£• 
teris  parUfut^  the  less  the  velocity  of  the  wheel,  the  greater 
vrill  be  its  effect.  But  he  oblerves,  on  the  other  hand, 
that,  when  the  wheel  of  his  model  made  about  20  turns  in 
a  minntc,  tfie  effect  was  nearly  the  greatest;  when  it  made 
30  turns,  the  effect  was  diminished  about  -x^  part;  and  that, 
when  it  made  40,  it  was  diminished  about  one-fourth;  when 
it  made  less  than  J 87  turns,  its  motion  was  irregular; 
and  when  it  was  loaded  so  as  not  to  admit  its  making  18 
turns,  the  wheel  was  overpowered  bj  its  load ;  Smeaton  oa 
Mflls,  p.  33.  For  farther  information  on  this  subject,  we 
must  refer  the  reader  to  the  original  memoirs  quoted  above, 
in  the  first  of  which  Deparcieux  proves  his  point,  by  rea- 
soning, and  in  the  second,  by  experiment ;  or  to  Brisson's 
Tratte  de  PbystqtUy  tom.  i,  p.  306,  edit.  3,  where  there  is 
«  general  view  of  Deparcieux*8  experiments* 
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of  the  water  in  tbe  budketsy  for,  when  the  velot 
dtf  of  the  wheel  is  great,  the  water,  receding 
from  the  centre,  is  Arowni  out  c^  the  buckets, 
and  they  ar^  emptied  sooner  than  they  would 
have  been,  had  the  wheel  moved  with  less  velo^ 
city* 
^^j*J^     In  the  Memoirs  of  the  Academy  of  Berlin,  for 
^Hicda.      1755,  M.  Lambert  has  published  a  dissertation 
on  the  theory  of  overshot  mills ;  but  does  not 
seem  to  be  in  the  least  degree  acquainted  with 
die  improvements,  which  luive  been  made  upon 
them,  in  this  country.    He  supposes  the  buckets 
FUtem,  to  have  the  form  GF/gy  (Fig.  4,  Plate  III),  so 
^*'  ^      that  about  one  quarter  only  of  the  circumference 
of  the  wheel  is  filled  with  water.    Notwithstand- 
ing these  circumstances,  however,  the  following 
table,  computed  from  his  formulas,  may  be  of 
considerable  advantage  to  the  millwright. 
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Bordaon 

oTenhot 

wheels. 


Relatiye 
cftcct  of 
water 
wheels. 


M.  Le  Chevalier  de  Borda,  in  his  excellent 
memoir  on  water-wheels,^  has  shewn,  that 
overshot  wheels  will  produce  a  maximum  ef- 
fect, when  their  diameter  is  equal  to  the  great- 
est  height  of  the  fell,  when  the  water  enters 
the  buckets  on  a  level  with  the  surface  of  the 
reservoir,  or  canal,  and  when  the  velocity  of 
the  wheel  is  infinitely  small.  But  though  the 
greatest  possible  effect  can  be  produced  only 
when  these  conditions  are  observed,  yet  a  small 
deviation  from  them,  which  is  absolutely  ne- 
cessary, in  practice,  does  not  greatly  diniinish 
their  performance.  If,  for  example,  we  sup- 
pose the  waterfell  to  be  12  feet,  and  the  dia- 
meter of  the  wheel  only  11  feet,  so  that  the 
water  fells  through  the  s(^ce  of  one  foot,  before 
it  enters  the  buckets,  and,  if  we  suppose  also, 
that  25  degrees  of  the  semicircumference  of  the 
wheel  are  unloaded,  while  the  remaining  155 
degrees  are  filled  with  water,  then,  when  the 
wheel  has  a  velocity  of  four  feet  per  second,  the 
maximum  effect  is  diminished  only  ^r;  and  if 
the  velocity  be  augmented  to  six  feet  per  second, 
the  diminution  amounts  only  to  -j^  of  the  great- 
est possible  eff*ect. 

In  practice,  however,  a  fell,,  of  two  or  three 
ihches  is  sufficient ;  so  that,  if  the  wheel,  ^in  the 
preceding  example,  had  been  made  11  feet  9 
inches,  the  diminution  of  effect  would  have  been 
still  more  inconsiderable. 

In  comparing  the  relative  effects  of  water- 
wheels,  the  Chevalier  de  Borda  observes,  that 
overshot  wheels  will  raise,  through  the  height  of 


•  Mem.  dc  I'Acad.  Paris  176?,  4'%  p.  2S6. 
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the  £UI,  a  quantity  of  water  equal  to  that  by 
which  dicy  are  dnven ;  that  undershot  vertical 
wheels  will  produce  only  \  of  this  effect  \  that 
horizontal  wheels  will  produce  a  little  less  than 
one  half  of  it  when  the  Soat-boards  are  plain, 
and  a  little  more  than  one  half  when  the  float- 
boards  are  of  a  curvilineal  form* 


Besant^s  Undershot  JVheeL 

The  water  wheel  invented  by  Mr.  Besant  of  JJ^Jnhot 
Brompton  is  constructed  in  the  lorm  of  a  hollow  whecL 
drum,  so  as  to  resist  the  admission  of  water.  The 
float-boards  are  fixed  obliquely  in  pairs  on  the 
periphery  of  the  wheel,  each  pair  forming  an 
acute  angle,  open  at  its  vertex.    This  is  re- 
presented in  Fig.  3,  where -^jB  is  the  wheel,  P|*tc  xiii, 
CD  its  axle,  and  mn,  o/>,  the  position  of  the  ^'^^ 
float-boards.  In  common  undershot  wheels,  their 
motion  is  greatly  retarded  by  the  resistance  op- 
posed by  the  tail  water  to  the  ascending  float- 
boards  \  and  theii^  velocity  is  still  farther  diminish- 
ed by  the  resistance  of  the  air.     But  when  the 
preceding  construction  is  adopted,  the  resistance 
of  the  air  and  the  tail  water  is  ereatly  diminished 
by  the  oblique  position  of  the  float-boards. 


Account  of  an  Improvement  in  Flour  Mills. 

In  most  of  the  flour  mills  in  Scotland  and  £ng-  improTe- 
land,  a  considerable  quantity  of  manual  labour  is  JJJJI^^^ju^ 
necessary  before  the  wheat  is  converted  into  flour. 
When  the  grain  is  ground  and  conveyed  into  the 
trough  from  the  mill  stones,  it  is  afterwards  put 
into  bags  and  raised  to  the  top  of  the  mill  house. 
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to  be  laid  into  the  cooling  boxes  or  bendies^ 
from  which  it  is  conveyed  into  the  boltine  ma- 
chine^ to  be  separated  from  the  bran  or  husk. 
This  manual  Iftbour  may  be  saved  by  adopting 
an  improvement,  for  which  we  are  indebted  to 
the  ingenuity  of  the  American  mill-wrights.  A 
large  screw  is  placed  horissontally  in  the  trough, 
which  recdves  the  flour  from  the  millstones. 
The  thread  or  spiral  line  of  the  screw  is  compos- 
ed of  pieces  or  wood  about  two  inches  broad, 
and  three  long,  fixed  into  a  wooden  cylinder  7 
or  8  feet  in  length,  which  forms  the  axis  dF  the 
acrew.  When  the  screw  is  turned  round  this 
axis,  it  forces  the  meal  from  one  end  of  the 
trough  to  the  other,  where  it  falls  into  another 
trough,  from  which  it  is  raised  to  the  top  of  the 
taill  house  by  means  of  elevators,  a  piece  of  ma* 
chinery  similar  to  the  chain  pump.  These  ele- 
vators consist  of  a  chain  of  buckets  or  concave 
vessels  like  large  teacups,  fixed  at  proper  dis^ 
tances  upon  a  leathern  l^md,  which  goes  round 
two  wheels,  one  of  which  is  placed  at  the  top  of 
die  mill  house,  and  the  other  at  the  bottom,  in 
the  meal  trough.  When  the  wheels  are  put  in 
motion,  the  b^d  revolves,  and  die  buckets,  dip^ 
ping  into  the  meal  trough,  convey  the  flour  to 
the  upper  storey,  where  they  discharge  thdr 
contents.  The  band  of  buckets  is  inclosed  in 
two  square  boxes,  in  order  to  keep  them  clean, 
and  [^reserve  them  from  injury. 
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.X. 


ON  DR.  barker's  MILL. 

This  mill,  which  is  sometimes  called  Paren/'^  improve- 

Mill  J  has  abready  been  described  at  considerable  ^^lctT'' 
length  in  the  supplement.*  It  has  exercised  themiU. 
ingenuity  of  Euler  and  Bemouilli;  and  its  theory 
seems  to  be  as  complicated  as  its  construction  is 
simple.  Instead  of  conveying  the  wat^r  into  the 
top  of  the  vertical  pipe  JDBj  M*  Mathon  de  la 
Cour*  proposes  to  bend  the  pipe  jij  which  con*pute  in. 
ducts  the  water  from  the  reservoir,  down  by  the  ^P*  ^* 
letters  ONGP^  and  to  introduce  the  fluid  into 
the  horizontal  arm  C  at  the  point  g.  When  the 
water  is  thus  conveyed  into  the  machine,  it  rushes 
out  at  the  holes  d  and  e,  with  a  velocity  corres- 
ponding to  the  height  of  the  reservoir,  and  the 
trunck  c  will  revolve  with  a  retrograde  motion. 
The  cause  of  this  is  obvious.  If  the  hole  d  were 
shut  up  with  a  cylindrical  pin,  the  pressure  upon 
the  circular  area  of  its  base  would  be  equal  to  a 
column  ef  water  whose  base  is  equal  to  this  dr*- 
cular  area,  and  whose  length  is  the  height  of  the 
water  in  the  reservoir.     But  the  same  force  is 


'  Set  Rozier's  Journal  de  Physique,  Jan.  and  Aug.1775. 
S^^  P*  97  of  thia  volume. 
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Mode  of  Us  exerted  on  an  equal  portion  of  the  tube  oppo^te 
opcrauon.  ^^  ^j^^  aperture  d.   The  pressures,  therefore,  up- 

on  each  side  of  the  arm  c  will  be  equal  and  op- 
posite^ and  no  motion  will  ensue.  As  soon,  how- 
ever, as  the  hole  d  is  opened,  the  pressure  is  re- 
moved from  that  part  of  the  tube,  and  the  arm  c 
is  driven  backwards  by  the  unbalanced  pressure 
on  the  opposite  side.    Dr.  Robison  imagines  that 
this  unbalanced  pressure  is  equal  to  the  weight 
of  a  column  of  water,  having  the  orifice  for  its 
base,  and  twice  the  depth  under  the  surface  of 
the  water  in  the  trunk  for  its  height,  upon  the 
supposition  that  the  arm  C  is  also  impelled  by 
the  reaction  of  the  issuing  fluid.    Upon  this  sup- 
position, which  is  extremely  plausible.  Barker's 
mill  must  be  a  very  powerful  machine ;   and 
when  water  is  used  as  the  impelling  power  of 
machinery,  it  will  pr9duce  much  greater  effects 
by  its  reaction,  than  it  does  dther  by  its  impulse 
I         or  gravity. 
The  dTcct      As  soon  as  the  machine  begins  to  move,  the 
"/j^^^' horizontal  arm  withdraws  itself  from  the  pres- 
vciocitf .    sure ;  the  impelling  power  is  consequentiy  dimi» 
nished,  as  it  depends  upon  the  relative  velocity 
of  the  arm  (7,  and  the  issuing  fluid.     Dr.  Desa- 
gnHers^  maintains,  that  when  the  engine  is  in  mo- 
rititt,  the  pressure  is  equal  to  the  weight  of  a 
column,  which  would  make  the  velocity  of  efliux 
eqdal  to  the  relative  veloci^  of  the  fluid  and  the 
madhine;    and  from  this  ne  concludes,  that  it 
will  produce  a  maximum  effect  when  the  veloci- 
ty or  the  arm  is  f  of  the  velocity  acquired  by 
falling  from  the  surface  of  the  water  in  the  reser- 
voir,  in  which  case  it  will  raise  to  the  same  height 


*   Experimental  Philosophy,  vol.  ii,   3*  Edit  p.  45p. 
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~  of  the  water  expended,  though  ^*-y  is  the  quan- 
tity raised  by  an  undershot  mill. 

The  velocity  of  the  machine  is  no  doubt  in-Andbytfic 
creased  by  the  centrifugal  force  of  the  water  in  the  fluid, 
the  arms ;  but  this  effect  is  completely  counter- 
acted by  the  inertia  of  the  fluid.    For,  as  a  new 
quantity  of  water  is  constantly  entering  the  arms, 
a  considerable  portion  of  its  velocity  must  be  lost 
in  communicating  to  this  water  the  circular  mo« 
tion  of  the  arms.     This  diminution  of  velocity 
may  be  prevented  in  some  measure  by  enlarging 
the  diameter  of  the  horizontal  arms,  which  will 
cause  the  water  to  move  more  slowly  to  the 
aperture ;  but  when  this  is  to  be  done,  the  form  Fom  re- 
recommended  by  Euler  will  be  most  advantjige- ^J^^ 
ous.     In  Fig.  4,  is  represented  a  section  of  the  p^^^  xiii, 
machine,  with  this  form.  The  canal  a  delivers  the  App.Fig.4^ 
water  into  the  bason  CDMNj  in  the  direction  of 
the  tangent,  and  with  the  same  velocity  as  the 
machine.    The  water  then  descends  in  spiral  ex- 
cavations formed  by  partitions  between  the  co- 
noids CF,  EM,  and  DE.FN;  and  when  it 
reaches  the  bottom  F,  the  water  flows  off  in  the 
direction  of  the  tangent,  by  means  of  a  spout  for 
each  excavation. 

It  has  often  occurred  to  me,  that  a  very  power-  Mew  kind 
ful  hydraulic  machine  might  be  constructed,  by  ^^^ 
coml^ng  the  impulse  with  the  reaction  of  water,  suggested. 
If  the  spout  a,  for  example,  instead  of  delivering 
the  water  into  the  bason  CD,  were  to  throw  it 
upon  a  number  of  curvilineal  float-boards,  fixed 
on  the  circumference  CD,  and  so  formed  as  to 
convey  the  water  easily  into  the  spiral  excavations, 
we  should  have  a  machine  something  hke  the 
conical  horizontal  wheel  in  Fig.  2,  with  spiral 
channeU  instead  of  spiral  float-boards,  and  which 
would  in  some  measure  be  moved  both  by  the 
impulse,  weight,  and  reaction  of  the  water. 
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Practical  Rules  for  the  Construction  of  B^ker^s 
Millj  given  by  Mr.  fVaring.  ♦ 

|[Jf^  1,  Make  the  arm  of  the  rotatory  tube,  from 
the  centre  of  motion  to  the  centre  of  the  aper- 
ture, of  any  convenient  length  not  less  than  \ 
(j  according  to  Mr.  Gregory,  ^  who  has  correct- 
ed  some  of  Waring's  numbers)  of  the  perpendi* 
cular  height  of  the  water's  surface  above  thdr 
centres. 

2,  Multiplv  the  length  of  the  arm  in  feet  by 
^614,  and  taKe  the  square  root  of  the  product 
for  the  proper  time  of  a  revolution  in  seconds, 
ancT  adapt  the  other  parts  of  the  machinery  to 
this  velocity ;  or, 

3,  If  the  time  of  a  revolution  be  given,  mul^- 
tiply  the  square  of  this  time  by  1 .63  for  the  pro- 
portional length  of  the  arm. 

4,  Multiply  togetha*  the  Ji>readth,  depth,  and 
velocity,  per  second,  of  the  race,  and  divide  the 
last  product  by  18.47  (14.27  according  to  Mn 
Gregory)  times  the  square  root  of  the  height,  for 
the  area  of  either  aperture. 

5,  Multiply  the  area  of  either  aperture  by  the 
hdght  of  the  head  of  water,  and  the  product  by 

J  (55.775  according  to  Mr.  Gregory)  pounds, 
r  the  moving  force  estimated  at  the  centres  of 
the  apertures  m  potmds  avoirdupois. 

6,  The  power  and  velocity  at  the  aperture  may 
be  easily  reduced  to  any  pan  of  the  machinery 
by  the  simplest  mechanicsd  rules. 


t 


^  Transactions  of  the  Amcric.  Ph3.  Soc.  vol.iii,  p.  19^ 
*  Mechantcsy  vbL  ii\  p.  1 U . 
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M.  Mathon  de  la  Cour  gives  us  the  following  Dimensions 
dimensions  of  one  of  Dr.  Barker's  mills,  which  ^^l/j 
was  erected  at  Bourg  Argental,  in  order  to  workmiiu. 
ventilators  for  a  large  room.     The  length  of  the  pkte  iii, 
horizontal  trunk  C  was  7  feet  8  inches,  and  its  ^«*  '•  ^''P- 
diameter  3  inches ;  the  diameter  of  the  orifices, 
at  d  and  e,  1^  inches ;  the  height  of  the  reser- 
voir, above  the  trunk  C,  is  21  feet ;  the  diameter 
of  the  pipe,  which  conveyed  the  water  into  C, 
from  below,  was  2  inches  at  their  junction,  and 
was  fitted  into  it  by  grinding. 

When  this  macnine  was  doing  no  work,  and 
tvhen  the  fluid  issued  only  from  one  aperture,  it 
performed  115  revolutions  in  a  minute.  The 
aperture,  therefore,  was  moving  with  the  velocity 
of  46  feet  per  second ;  whereas,  if  this  aperture 
were  at  rest,  the  water  would  have  issued  only  with 
a  velocity  of  3  7^  feet  per  second.  Dr.  Robison  * 
observes,  that  this  great  velocity  was  produ- 
ced by  the  prodigious  centrifugal  force  of  the 
water. 

Might  it  not  be  advantageous  to  have  another 
horizontal  arm  crossing  C  at  right  angles  ? ' 


^  Encyclop.  Britan.  toL  tviiii  p.  gog^  where  die  reader 
will  find  some  excellent  remarks  upon  this  machine. 

'  Those,  who  wish  to  study  this  important  subject  with 
attention,  will  find  the  investigations  ot  Euler  in  tne  Mem. 
Acad.  Berlin^  1751,  and  in  the.  Not.  Comment.  Petrop. 
torn.  vii|  and  those  of  Beroouilli,  at  the  end  of  his  Hydrau* 
lies.  See  also  the  Exerckationes  Hydraulicse  of  Professor 
Segner,  who  gives  Barker's  mill  as  an  invention  of  his  own ! 
and  the  woiks  which  have  already  been  quoted.  J.  A. 
Euler  proposed  a  machine  to  be  driven  by  the.  re*actioli  of 
the  water  in  the  Comi  Gotting.  17^^* 

FoLJr.  o  .; 


mechanics: 


OM  THE  FOUMATION  OP  THE  TEETM  OF  WHEELS 
AMD  THE  LEAVBS  OF  PINIONS. 

SU^J?'  X  HOUGH  nothing  is  more  essential  to  the  per- 
the  teeth  of  fection  of  machiMTy  tbian  the  (iroper  formation 
'•*"•*'*'•  of  the  teeth  of  wheds,  atid  those  parts  of  en- 
gines,  by  which  their  force  and  velocity  are 
conveyed  to  other  parts;  yet  no  branch  of 
mechaiucal  sdence  has  been  mcM'e  overiobked 
by  the  spectilative  and  practical  mechanics  of  this 
country*  In  vain  do  we  search  our  systems  of 
ital  philosophy  for  infbnnatioQ  on  this 
Their  authors  seem  either  to  reckon  it 
leath  their  nodce,  or  to  be  unacquainted  with 
the  labours  of  De  laHire,  Camus,  andother  foreign 
academicians,  who  have  written  very  ingenious 
dissertadons  on  the  teeth  of  wheels.  It  is  in  the. 
memoirs,  indeed,  of  these  philosophers,  that  alf 
our  knowledge  upon  this  subject  is  contained,  if 
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we  excq)t  a  few  general  remarks,  by  the  learned 
Mn  Robison.* 

It  would  be  easy  to  shew,  did  the  nature  of  ^jj^. 
this  work  permit^  that  when  one  wheel  drives  d«ced  iiy 
another,  it  is  not  driven  with  an  uniform  foj^e  J^^Sa!^' 
and  velocity,  or,  in  other  words,  the  one  wheel 
will  act  sometimes  with  greater,  and  sometimes 
with  less,  force,  and  the  other  will  move  some* 
times  with  a  greater,  and  sometimes  with  a  less* 
velocity,  imless  the  teeth  of  one  or  of  both  the 
wheels  be  parts  of  a  ciirve,  gaierat^  after  the 
manner  of  an  epicycloid,*  by  the  revolution  of 
another  curve  along  the  c<mvex  or  concave  side 
of  a  circle.    It. will  be  sufficient,  for  our  pre- 
sent purpose,  to  shew,  that,  when  one  wjfieel 
impels  another,   b^  the   action  of  epicycloidal 
teeth,    the    moments  of  these  wheels  will  be 
edual.     Let  the  wheel   B  Rg.  7j    drive  the p^i* 
wheeK  -^,  by  the  action  of  the  epicycldidal  teeth^*  ^' . 
mrtj  fnfn'y  &c.  upon  the  infinitely  small  fioBi  dr 
sjmidles,  a,  by  c,  and  let  the  epicycloids^  mn^ 
&c.  be  generated,  by  the  circumference  c&a>. 
moving  over  the  circumference  rnf'  fnf  m.    It  is 
evident,  from  the  formation  of  the  e[ncycloid, 
that  the  ardi  a  6  is  equal  to  the  arch  tn  m'j  and 


'  Two  ingtmout  memoirs  hire  abo  ''been  wntten  updD 
this  subject,  by  A.  G.  Kaestner,  eotitledy  De  Deniihu 
Rotarumf  and  publislied  id  the  Comment.  Reg.  Soc.  Got- 
ting.  vol.  iv»  and  y,  l^SJ*  &c.  The  celebrated  Euler  has 
also  treated  this  subject  with  great  abilityj  in  his  memdyr^ 
De  aftissma  F^ura  Roiantm  DnuUmt  trSmendth  iV!9V«  Cms* 
ment.  PetnfJ.  1754,  1755,  torn,  v,  p.  299. 

^  Under  curves,  of  this  description,  are  compreheddsd 
those  whidi  are  formed,  by  evolving  the  circomfierciicet 
of  circles,  for  it  is  demonstrable,  that  these  involutes  are 
epicycloids,  the  centres  of  whose  generating  cirdes  are  i^« 
finitely  distant. 
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the  arch  ac  to  mini' \  for,  when  the  part  hvJ'^ 
of  the  epicycloid  m'  vf^  is'  forming,  every  point 
of  the  arch  a  &  is  applied  to  every  point  of  the 
'.^urcfa  mm! \  and  the  same  may  be  said  of  the 
arch  ac.  Since,,  then,  the  wheels  B  and  A^ 
tfiat  is,  the  power  and  the  weiji^t,  move  through 
equal  spaces,  in  equal  times,  equal  wdghts  act- 
ing in  opposite  directions,  at  the  points  a  and 
m,  will  be  in  equilibrio :  but,  as  the  power  of 
the  wheel  B-  must  alwavs  be  greater  than  the 
resistance  of  the  wheel  A,  which  is  put  in 
motion,,  this  power  will,  during  the  whole  of 
the;  action^  hav^  the  same  relation  to  the  resist- 
ance which  it  overcomes,,  and  the  one  wheel 
will  impel  the  other  with  an  uniform  force  and 
velocity.. 
Thitpro-  For  the  discovery  of  this  property  of  the  epi- 
^TJJ^*  cycloid,  which  Dr.  Robison  erroneously  ascribes 
diacoverei  to  De  la  Hire,  or  Dr.  Hook,  we  are  indebted  to 
b J  Roemer.  iii^  jjgmjg}^.  astronomer  Olavs  Roemer^  the  dis- 
coverer of  the  progressive  motion  of  fight ;  and 
\yolfius,  upon  wh^ authority  this  fact  is  stated,^ 
laments,  that  the  mechanics  of  his  time  did  not 
avail  themselves  of  the  discovery. 

In  order  to  insure  an  uniformity  of  pressure 
and  velocity,  in  the  action  of  one  wheel  upon 
another,  it  is  not  necessary  that  the  teeth,  either 
of  one  or  both  wheels  be   exactly  epicycloids. 


-  A. . 


';  ^  Ex  eodem  foiite  Olatu  Roimerus^  cum  P^ans  commo- 
iWttiiir;  quamviB  nqn  sine  subsidio  Greometriie  subiimioris^ 
diedi^it:  ngunun*  dentium  in  rotis  eptcydoidaJem  esse  de- 
bet^ :  id  quod  post  eum  quoque  ostendit  PbiBffut  de  la 
Hht:  Bed  quod  dolendumhacteouft  inprazin  recepta  non  est. 
Wolfii  Opera  Mathemat.  torn,  i,  p.  664.  The  same  fact 
h  stated  by  Leibnitz,  in  the  &Cscellan.  Berolinens.  1710^ 
p:'3l5. 
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If  the  teeth  of  one  of  them  be  either  circular, 
or  triangular^  with  plain  sides,  or  like  a  triangle, 
with  its  sides  converging  to  the  wheels'^  cent)re, 
or,  indeed,  of  any  other  form,  this  uniformity 
of  force  and  motion  will  *  be  attained,  provided 
that  the  teeth  of  the  other  wheel  have  a 
figure  which  is  compounded  ofthzt  cf  an  epi- 
cycloid and  the  figure  of  the  teeth  of  the  ^t 
wheel.  ^  But,  as  it  is  often  difficult  to  describe 
this  compound  curve,  and  somedmes  impossible 
to  discover  its  nature,  we  shall  endeavour  to 
select  such  a  form  for  the  teeth  aCs  maiy  be 
ea^ly  described  by  the  practical  mechanic,  while 
it  ensures  an  wiifonnity  of  pressure  and  velocity. 
But,  in  order  to  avoid  dnrumlocution  and  ob- 
scurity, we  shall  call  the  smaU  wheel,  (which  is 
supposed  always  to  be  d^ven  by  a  greater  one), 
the  pinion^  and  its  teeth  the  leaves  of  the  pinion. 
The  line,  which  joins  che  centres  of  the  wheel  and 
pinion,  is  callea  the  tine  of  centres. — NoW  there 
are  three  different  ways,  in  which  the  teeth  oi 
one  wheel  ihay  act  upon  the  teeth  of  another;  and 
each  of  these  modes  of  action  requires  a  4ifiei> 
cut  form  for  the  teeth. 

L  When  the  teeth  of  the  wheel  begin  to  act  upon  n^jpeitnt 
the  leaves  of  the  pinion,  just  as  they  arrive  at|*|g»'" 
the  line  of  centres;  and  when  their  mutual  wheel  mTy 
action  is  carried  on  after  they  have  pa^ed  this*^  «p^ 
line. 

IL  When  the  teeth  of  the  wheel  begin  to  act 
upon  the  leaves  of  the  pinion,   b^ore  they 


*  M.  de  b  Hire  has  shewn^  in  a  Tariety  of  cases,  how  to 
find  this  compound  curre. 
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arrive  at  the  line  of  centres,  and  AX>oduct 
them  ether  to  this  line  or  a  verfUttle  be* 
yond  it. 

in.  When  the  teeth  of  the  wheel  begin  to  act 
upon  the  leaves  of  the  pinion,  before  they  ar<p 
nve  at  the  line  of  the  centres,  and  continue  to 
act  after  they  have  passed  this  Un^.  ^ 

ft 

Tint  node  L  The  first  of  these  .modes  of  action  is 
^**^'**^  recommended  by  Camus  and  De  la  Hire,  the 
latter  of  whom  has :  investigated  the  form  of 
the  teeth  solely  for  this  particular  case.  It  is 
'  Plate  II.  rqlresented,  in  Fig.  2^  where  B  is  the  centre 
^'«-  *•  of  the  wheel,  ui  the  centre  of  the  pinion, 
and  AB  the  Ihie  of  centres.  It  is  evident,  from 
the  figure^  -that  the  part  6  of  the  tooth  ab  o{ 
the  whed,  does  njot  begin  to  act  on  the  leave 
fu  of  the  pinion^  till  they  arrive  at  the  line  of 
caitres  jiB$  and  that  all  the  action  is  carried  on 
after  they  have  passed  this  line»  and  is  completed 
when  the  leaf  m  comes  into  die  situation  n.^ 
When  thb  mode  of  :action=  is  adopted,  the 
acting  faces  of  the  leaves  of  the  pinion  should 
be  parts  of  an  interior  epicycloid  generated  by  a 
drcle,  of  any  diameter,  rolling  upon'  die  con* 
^  cave  superfices  of  the  pinion,  or  within  the 
circle  adhj  and  the  acting  fttces  ab^of  the 
t^h  of  the  wheel  should  be  pordons  of  an  ex* 
terior  epicycloid^  formed  by  the  same  genei^ating 
circle,  rolling  upon  the  convex  superfices  odp 
of  die  wheeL 

Kow,  it  it  is  demonstrable,  that  when  one 
drcle  rolls  within  another,  whose  diameter  is 


*  The  tooth  Cf  in  the  Figure*  should  have  been  In  con- 
tact  with  the  leaf  n^,  and  on  the  point  of  quitting  it. 
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double  that  of  the  rolUne  circle,  the  line  gene- 
rated,  by  any  point  ot  the  latter,  will  be  a 
straight  liney  tending  to  the  centre  of  the  larger 
circle.  If  the  generating  circle,  therefore,  men-  a  icnighc 
tioned  above,  should  be  taken,  with  its  dizxxMtr^^^^^i^ 
equal  to  the  radius  of  the  pinion,  and  be  made  S^!dSl 
to  roll  upo9  the  concave  superficies  m  £  A  of  the  ^uj. 
pinion,  it  will  generate  a  straight  line,  tending 
to  the  pinion's  centre,  which  wul  be  the  form  of 
the  acting  faces  of  its  leaves,  and  the  teeth 
of  the  wheel  will,  in  this  case,  be  exterior 
epicycloids,  formed  by  a  generating  cifde, 
whose  diameter  is  equal  to  the  radius  of  the  pi- 
nion, rolling  upon  die  convex  superfices  odp 
of  the  wheeL  This  fbnn  of  the  teeth,  viz. 
when  the  acting  faces  of  the  pinion's  leaves 
are  right  lines,  tending  to  its  centre,  is  exhibited, 
in  fig.  3,  and  is,  perhaps,  the  most  advantage-  p«-3* 
ous,  as  it  requires  less  trouble,  and  may  be 
executed  with  greater  accuracy  than  if  the  cur- 
vilineal  form  had  been  employed.  It  is  recom- 
mended, both  by  De  la  Hire  and  Camus,  as  par- 
ticularly advantageous  in  clock  and  watch  work. 
The  attjentive  reader  will  perceive,  from  Fie.  2, 
that,  in  order  to  prevent  the  teeth  of  the  tmeel 
from  acting  upon  the  leaves  of  the  pinion,  before 
they  reach  the  line  of  centres  AB  ;  and  that  one 
tooth  of  the  wheel  may  not  quit  the  leaf  of  the 
pinion,  till  the  succeeding  tooth  begins  to  act 
upon  llie  succeeding  leaf,  there  must  be  a  certain 
proportion  between  the  number  of  leaves  in  the 
pinion,  and  the  number  of  teeth  in  the  wheel ; 
or  between  the  radius  of  the  pinion,  and  the 
radius  of  the  wheel,  when  the  distance  of  the 
leaves^  AB  is  given.  But,  in  *  machinery,  the 
number  of  leaves  and  teeth  is  always  known, 
from  the  velbdty,  which  is  required  at  the  work- 
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ing  point  of  the  machine.  It  becomes  a  matter^ 
therefore,  of  great  importance,  to  determine, 
y»ith  accuracy,  the  relative  radii  of  the  wheel  and 
pinion.' 
RebtiiRedi-  For  this  purpose,  let  y/.  Fig.  S,  be  the 
thTtA^  pinion,  having  the  acting  faces  of  its  leaves 
«nd  pinioii.  Straight  lines,  tending  to  the  centre^  and  £  the 
centre  of  the  wheel,  jiB  will  be  the  distance 
of  their  centres.  Then,  as  the  tooth  C  is  sup- 
posed not  to  act  upon  the  leaf  ^m,  till  it  arrives 
at  ^the  line  jiB^  it  ought  not  to  quit  ^id, 
till  *the  following  teeth  JP  has  reached  the  line 
j^B.  But,  since  the  tooth  always  acts  in  the 
direction  of  a  line  drawn  perpendicular  to  the 
£atce  of  the  leaf  jim^  from  the  point  of  contact, 
the  line  CHj  drawn  at  right  angles  to  the  &ce 
of  the  leaf  ^nij  will  determine  the  extremity 
of  the  tooth  CD  J  or  the  last  part  of  it,  whicn 
should  act  upon  the  leaf  ^m,  and  will  also 
mark  but  CZ>,  for  the  depth  of  the  tooth.  Now, 
in  order  to  find  u4Hp  HB^  and  CD,  put  a  for 
the  number  of  teeth  in  the  wheel,  b  for  the 
number  of  leaves  in  the  pinion,  c  for  the  distance 
of  the  pivots  A  and  J?,  and  let  x  represent  the 
radius  of  the  wheel,  and  y  that  of  die  pinion. 
Then,  since  the  circumference  of  the  wheel  is  to 
the  circumference  of  the  pinion,  as  the  number 
of  teeth  in  the  one  to  the  number  of  leaves  in 
the  other,  and  as  the  circumferences  of  circles 
are  proportional  to  their  radii,  we  shall  have 
a  :  A=x  :y,  then,  by  composition,  (Eucl.  v.  18), 
a^b  :  i=c :  y,  (c  being  equal  to  x-f y),  and. 


•  A  very  ingenioat  Proportion- compass  has  been  invent- 
ed»  by  M.  le  Cerf,  watchmakery  at  Geneva»  for  finding  the 
rclatiTe  diameter^  of  wheels  and  pinions.  It  is  described 
at  IcQgfh  in  the  PhiL  Trans. -v.  68,  p.  050. 
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tonsequently,    the   radius  of  the  pinion,  viz. 

c  b '  .         .  • 

yzz'-jj-  then,  by  inverting  the  first  analogy, 

we   have  b  :  azry  :  jt,   and,   consequently,  the 

radius  of  the  wheel,  viz.  xzz-^y  y  being  now 

a  known  number. 

Now,  in  the  triangle  AHC^  right  angled  at  C*, 
the  side  AH  is  known,  and  likewise  all   the 

angles  (HAC  being  equal  to  -^)  the  side  ACy 

therefore,  can  be  easily  found  by  plain  trigono- 
metry. Then,  in  the  oblique  angled  triangle 
ACBy  the  angle  Ci^-B,  equal  to  HACy  is  known, 
and  also  the  two  sides  A  By  ACy  which  contain 
it ;  the  third  side,  therefore,  viz.  C  By  may  be 
determined;  from  which  DBy  equal  to  HBj 
already  found,  being  subtracted,  there  will  re- 
main CD  for  the  depth  of  the  teeth.  When  the 
action  is  carried  on  after  the  line  of  centres,  it 
often  happens  that  the  teeth  will  not  work  in  the 
hollows  of  the  leaves.  In  order  to  prevent  this, 
the  angle  CBH  must  always  be  greater  than 
half  the  angle  HBP.  The  angle  HBP  is  equal 
to  360  degrees,  divided  by  the  number  of  teeth 
v\  the  wheel,  and  CBHis  easily  found  by  plain 
trigonometry.     (See  p.  288.) 

Instead  of  pinions  or  small  wheels,  the  mill-  Teeth  ef 
Wrights  in  this  coimtry  frequently  substitute  Ian-  JjJ^Jicl.^ 
terns  or  trundles,  wnich  consist  of  cylindrical 
staves,  fixed  at  both  ends  into  two  rouiid  pieces 
of  board.    From  the  use  of  trundles,  however. 
Dr.  Robison  discourages  the  practical  mechanic, 
when  he  observes,  *  that  De  la  Hire  justly  con- 
*  demned  the  common  practice  of  making  the     * 
small  wheel  or  pinion  in  the  form  of  a  lan- 
tern/ and  that,  when  ^  the  teeth  of  the  large 
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^  wheel  take  a  tleep  hold  of  the  cylindrical  pins 
*  of*  the  trundle,  the  line  of  action  is  so  disad- 
^  vantaeeously  placed  that  the  one  wheel  has 
«  scarcdiy  any  tendency  to  turn  the  other/  ^     (t 
is  with  the  greatest  deference  to  such  an  able 
philosopher  as  Dr.  Robison,  that  we  presume  to 
contradict  this  statement,  both  with  respect  to  the 
fact  which  is  asserted,  and  the  principle  which 
is  maintained.    In  no  part  of  De  la  Hirers  Dis- 
'  sertation  upon  this  subject  does  he  condemn  the 
use  of  lanterns.     On  the  contrary,  he  actually 
demanstratesy  that  when  the  teeth  of  the  great 
'  wheel  are  formed  in  a  particular  manner,  and 
drive  a  small  wheel  whose  teeth  are  cylindrical 
pins,  the  pressure  and  angular  velocity  of  the 
one  wheel  will  be  equal  to  the  pressure  and  an- 
gular velocity  of  the  other ;  or,  in  other  words, 
their  action  will  be  uniform.    To  this  form  of 
the  teeth  of  the  great  wheel^  when  those  of  the 
small  wheel  are  cylindrical,  we  shall  now  direct 
the  reader's  attention ;  anfl  we  earnestly  reconu 
mend  it  to  the  notice  of  the  practical  mechanic, 
because  it  furnishes  us  with  a  method  of  remov- 
ing, or  at  least  of  greatly  diminishing,  the  friction 
which  arises  from  the  mutual  action  of  the  teeth. 
Mcth«d  of      Let  jij  Fig.  4,  be  the  centre  of  the    pkiioa 
^J^J^*  or  small  wheel  TCH^  whose  teeth  are  circular 
nOki  to  ID  like  ICRj  having  their  centres    ia  the   circle 
Jj*^^^  PD  E.    Upon  By  the  centre  of  the  large  wheel, 
Rgt  4*  "*  at  the  distances  B  Cy  BD,  describe  the  circles 
FCKy  GDO ;  and  with  PDEy  as  a  generating 
circle,  form  the  exterior  epicycloid  DNMy  by 
rolling  it  upon  the  convex  superficies  of  the  cir- 
cle GDO.    The  epicycloid  DNM  thus  fbnned, 


'  The  tame  obsenration  is  made  in  Imiton's  Elements 
of  Science  and  Art— VoL  v  ?•  91* 


\ 


M£eHAKXC8.  2l9 

would  have  been  the  proper  form  for  the  teeth 
of  the  large  wheel  G  JD  0,  had  the  circular  teeth 
of  the  small  wheel  been  infinitely  small ;  but  as 
their  diameter  must  be  considerable,  the  teeth  of 
the  wheel  should  have  another  fomu  In  order 
to  determine  their  proper  figure,  divide  the  €|tt* 
cycloid  JDNM  into  a  number  of  equal  parts, 
1,  2,  S,  4,  &c.  as  shewn  in  the  figure,  and  let 
these  divisions  be  as  small  as  possible.  Then, 
upon  the  pdnts  1 ,  2,  3,  &c.  as  centres,  with  the 
distance  D  C,  equal  to  the  radius  of  the  circular 
tooth,  describe  portions  of  circles  similar  to  those 
m  the  figiure ;  and  the  curve  OPTj  which  touches 
these  curcles,  and  is  parallel  to  the  epicyclcid 
DNMy  will  be  the  proper  form  for  the  teeth  of 
the  large  wheel. 

In  order  that  the  teeth  may  not  act  upon  each 
other  tUl  they  reach  the  line  of  centres  A  J3,  the 
curve  0  P  should  not  touch  the  circular  tooth 
JCR  till  the  point  0  has  arrived. at  D.  The 
tooth  0  P,  therefore,  will  commence  its  action 
upon  the  circular  tooth  at  the  point  /,  where  it 
is  cut  by  the  circle  DRE.  .On  this  account, 
the  part  IC  R  of  the  cylindrical  pin  being  super- 
fluous, may  be  cut  off,  and  the  teeth  of  the  small 
wheel  will  be  segments  of  circles  similar  to  the 
shaded  parts  of  the  figure.  But  if  the  spindles 
remain  entire,  the  vacuities  between  the  teeth 
^ould  be  cut  out,  and  thor  sides  OK  directed  to 
the  centre  of  the  wheel. 

If  the  teeth  of  wheels  and  the  leaves  of  pi- 
nions be  formed  according  to  the  directions  al<* 
r^dy  given,  they  will  act  upon  each  other,  not  only 
with  uniform  force,  but  also  with  very  little  fiic*  Very  ihtk 
tion.    The  on?  tooth  rolls  upon  the  other,  and^J^j^ 
neither  slides  nor  rubs  to  such  a  degree  as  to  teeth  when 
retard  the  wheels,  or  wear  thar  teeth.    Bur  as  ^^^ 
it-is  impossible  in  practice  to  give  that  perfect 
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curvature  to  the  acting  fa^s  of  the  teeth  which 
theory  reauires,  a  certain  quantity  of  friction  will 
t^ntain  aner  every  precaution  has  been  tak&n 
m  the  formation  of  the  communicating  parts. 
This  friction  may  be  removed,  or  at  least  greatly 
diminished,  by  the  following  contrivance. 

If,  instead  of  fixing  the  circular  teeth,  as  in 
Fig.  4,  to  the  wheel  DRE^  they  are  made  to 
move  upon  axles  or  spindles  fixed  in  the  circum- 
ference of  the  wheel,  all  the  friction  will  be  taken 
away,  except  that  which  arises  from  the  motion 
of  the  cylindrical  tooth  upon  its  axis.     The  ad- 
vantages which  attend  this  mode  of  construction 
Cylindrical  are  manv  arid  obvious.     The  cylindrical  teeth 
In?Sn"?£e'>a7  be  formed  by  a  turning  lathe  with 'the  great- 
•»^        est  accuracy ;  the  curve  required  for  the  teeth 
of  the  large  wheel  is  easily  traced  ;  the  pressure 
and  motion  of  the  wheels  will  be  uniform  ;  and 
the  teeth  are  not  subject  to  wear,  because  what-, 
ever  friction  remains  is  almost  wholly  removed 
^  by  the  revolution  of  the  cylindrical  spokes  about 

y  their  axis.     The  reader  will  also  observe,  that 

this  improvement  may  be  most  easily  introduced 
when  the  small  wheel  has  the  form  of  a  trundle 
or  lantern  ;  and  that  it  may  be  adopted  in  cases 
where  lanterns  could  not.be  conveniently  used. 
tfLATt  in.  In  Fig.  3,  is  represented  the  manner  by  which 
^'  ^'  cylindrical  teeth,  moveable  upon  their  axis,  may 
be  inser(!ed  in  the  circumference  of  wheels.  B 
is  the  part  of  the  wheel  on  which  the  tooth  is  to 
be  fixed  ;  A  is  the  cylindrical  tooth  which  moves 
upon  its  axis  b  c  made  of  iron,  whose  extremi- 
ties run  in  bushes  of  brass,  fixed  in  the  project- 
ing pieces  of  wood  Z',  c.  This  improvement, 
however,  can  only  be  adopted  y^here  the  ma- 
chinery is  large.  For  small  works,  the  teetli  of 
th&  pinion  or  small  wheel  should  be  rectilineal, 
and  those  of  the  large  wheel  epicycloidal. 
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11.  Having  hitherto  supposed,  that  the  mutual  second 
action  of  the  teeth  does  not  commence  till  they  ™f*'  ^ 
arrive  at  the  line  of  centres,  let  us  now  attend 
to  the  form  whictv  must  be  given  them,  when 
the  whole  of  the  action  is  carried  on  before  they 
reach  the*  line  of  centres,  cm*  when  it  is  com- 
pleted a  very  little  below  this  line.     This  mode 
of  action  is  not  so  advantageous  as  that  whigh 
we  have  been  considering,  and  should,  if  pos- 
sible, always  be  avoided.    It  is  represented  in  p.'*""'* 
Fig.  1 ,  where  ji  is  the  centre  of  the  pinion,  B 
that  of  the  wheel,  and  AB  the  line  of  centres. 
It  is  evident  from  the  figure,  that  the  tooth  C  of 
the  wheel  acts  upon  the  leaf  D  of  the  pinion  be- 
fore they  arrive  at  the  line  BA  ;  that  it  quits  the 
leaf  when  they  reach  this  line,  and  have  assumed 
the  position  of  E  and  F;  and  that  the  tooth  c 
works  deeper  and  deeper  between  the  leaves  of 
the  pinion  the  nearer  it  comes  to  the  line  of  cen- 
tres.   From  this  last  circumstance  a  considerable 
quantity  of  friction  arises,  because  the  tooth  C 
does  not,  as  before,  roll  upon  the  leaf  D,  but 
slides  upon  it ;  and  from  the  same  oause  the  pi* 
iiion  soon  becomes  foul,  as  the  dust  which  lies 
upon  the  acting  faces  o%  the  leaves  is  pushed  into 
the   hollows   between  them.      One  advantage, 
however,  attends  this  mode  of  action,  for  it  al- 
lows us  to  make  the  teeth  of  the  large  wheel 
rectilineal,  and  thus  renders  the  labour  of  the 
mechanic  less,  and  the  accuracy  of  his  work 
greater,  than  if  they  had  been  of  a  curvilineal 
form.     If  the  teeth  C,  Ej  therefore,  of  the  wheel 
B  C  are  made  rectilineal,  having  their  surfaces 
directed  to  the  wheel's  centre,  the  acting  faces 
of  the  leaves  Z),  JF,  &c.  must  be  epicycloids 
formed  by  a  generating  circle,  whose  diameter 
is  equal  to  the  radius. £(?  of  the  circle  opy  roll- 
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ing  upon  the  circumference  m  n  of  the  pinion  A. 
But  if  the  teeth  of  the  wheel  and  the  leaves  of 
the  pinion  are  made  curvilineal,  as  in  the  figure, 
the  acting  faceis  of  the  teeth  of  the  wheel  mu^t 
be  portions  of  an  intdrior  e^cvdoid  formed  by 
any  generating  drde  rolling  withiA  tfacf  concave 
superficies  of  the  circle  op^  and  the  acting  iaces 
of  tha  pinion's  leaves  must  be  portbns  of  aii  ex- 
terior epicycloid,  piroduc^d  by  rolling  the  same 
generating  circle  upon  the  convex  circumference 
mnoi  the  pimon. 

When  the  teeth  of  the  large  wheel  are  cylm- 
drictl  spindles,  athef*  fixed  or  moveable  upon 
thdr  ajds,  4ii  ^tterior  epicycloid  must  be 
plati  II,  foitxied,  like  I>NMi  in  Rg.  4,  by  a  generating 
^'  ^  circle  whose  Radius  )k  AC^  rollkig  upon  the  con- 
vex drcumference  FCJT,  AG  bang  in  this  case 
the  diuneter  of  xht  wheel,  zxA  FCK  the  dr- 
cumtirreftCe  of  the  pinion.  By  means  of  this 
efdcjfddd  a  curve  OPT  must  be  formed  as  be- 
fore described,  which  will  be  the  proper  curva^ 
fui^  for  the  actihg  faces  of  the  leaves  of  the  pi- 
nion, when  the  teeth  of  the  wheel  sire  Cylindrical, 
though,  when  this  is  the  case,  this  mode  of  action 
ought  to  be  avoided. 

The  relative  diameter  of  the  wheel  and  pinion, 

when  the  number  of  teeth  in  each  is  known, 

may  be  round  by  the  same  formulae  which  were 

iven  for  the  fim  mode  of  action,  with  this  dif  • 

Tence  only,  that  in  this  case  the  radius  of  the 

wheel  is  reckoned  from  its  centre  to  the  extre- 

'^^e    inity  of  its  teeth,  and  the  radius  of  the  pinion 

from  m  centre  to  the  bottom  of  its  leaves* 

HI.  The  third  way  in  which  obe  whed  may 

drive  another,  is  whai  the  action  is  partly  carried 

on  before  the  acting  teeth  arrive  at  the  line  of 

centres,  and  partly  aner  thev  have  passed  this  line. 

This  mode  of  action,  wnich  is  represented  in 


MECHANICS.  223 

Fig.  2,  18  a  combination  of  the  two  first  modes,  plati  iir,  * 
and  consequently  partakes  of  the  advanta^  ^'^' ^* 
^es  and  disadvantages  of  each.  It  is  evident 
iTom  the  figure,  mat  the  portion  eh  of  the 
tooth  acts  upon  the  part  £  c  of  the  leaf  till  they 
reach  the  Jine  of  centres  A  By  and  that  the  part 
ee?  of  the  tooth. acts  upon  the  portion^  a  of  the 
leaf  after  tfaey  have  passed  this  line.  It  follows, 
therefore,  that  the  acting  parts  e  h  and  b  c  must 
be  formed  according  to  the  directions  given  for 
the  first  mode  of  action,  aftd  that  the  remaining 
parts  ed^  boj  must  have  that  curvature  which 
the  second  mode  of  SUrtion  requires ;  consequent- 
ly e  A  should  be  part  of  an  interior  epicycloid 
formed  bv  any  generating  dlrcle  rolling  on  the 
concave  cucumference  m  n  of  the' wheeL^  and  the 
corresponding  part  £  c  of  the  leaf  should  be  part 
of  an  exterior  efMcvcloid  formed  by  the  same  ge^* 
neratine  circle  rolling  upon  b  EO,  the  convex 
circumterence  of  the  pinion :  the  remaining  part 
c  ^  of  the  to6th  should  be  a  portion  of  an  exte* 
nor  epicycloid,  engendered  by  any  generating 
drcle  romng  upon  e  Z,  the  concave  superficies 
of  the  wheel ;  and  the  corresponding  part  6  a  of 
the  leaf  should  be  part  of  an  interior  epicycloid 
tiescribed  by  the  same  generating  circle,  rolling 
along  the  concave  ^de  oE  0  of  tne  pinion.— As 
it  would  be  extremely  troublesome,  however,  ta 
give  this  double  curvature  to  the  acting  faces  dS 
die  teeth,  it  will  be  proper,  to  use  a  generating 
circle,  whose  diameter  is  equal  to  the  radius  ot 
the  wheel  JB  C,  for  describmg  the  interior  epicy- 
cloid e  h  and  the  exterior  one  b  c,  and  a  gener* 
adng  circle,  whose  diameter  is  ecjUal  to  ACy  the 
radius  of  the  pinicm,  for  describmg  the  interior 
epicycloid  b  a,  and  the  exterior  one  ed.  In  this 
case  tl^e  two  int^or  epicycloids  e  A,  6  a,  will  be 
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Straight  lines  tending  to  the  centres  B  tod  Ay 
and  the  labour  of  the  mechanic  will  by  th^ 
means  be  grelatly  abridged, 
ReiitiTcdi-     In  order  to  find  the  relative  diameters  of.  the 
ST^hld  wheel  and  pinion,  when  the  number  of  teeth  in 
and  pinion,  the  One  and  the  number  of  leaves  in  the  other 
are  given,  and  when  the  distance  of  their  centres 
is  also  given,  and  the  ratio  of  ES  to  CS^*  let  a 
be  the  number  of  teeth  in  the  wheel,  b  the  num- 
ber of  leaves  in  the  pinion,  c  the  distance  of 
the  pivots  jij  By  and  let  m  be  to  n  as  ES  to  CSy 
then  the  arch  ESy  or  the  angle  SAEy  will  be 

equal  to  — ^—  and  LDy  or  the  angle  LED,  will 

be  equal  to  — ^  But  as  £5 :  CSzim :  n ;  con- 
sequently LD  I  LCzzmirty  therefore  (EucL 
6, 16.)  LCxmzzLDxriy  and  LC=^^^~^  but 

LD  is  equal  to  — - ,  therefore  by  substituting 

this  in  its  stead,  we  have  ZCir — —. 

'  am 

Now,  in  the  triangle  AP  By  AB  is  known, 
and  al^  P  By  which  is  the. cosine  of  the  angle 
ABpy  PC  being  perpendicular  to  DB^  AP  there- 
fi3re,  which  is  die  radius  of  the  pinion,  may  be 
found  by  plain  trigonometry.  The  reader  wUl  ob- 
serve, tnat  the  point  P  marks  out  the  parts  of 
this  tooth  D  and  the  leaf  S  P  where  they  com- 
mence thdr  action ;  and  the  point  /  marks  out 
the  parts  where  their  mutual  action  ceases ;  AP 

*  Traite  dcs  Epicycloides,  par  M.  de  )a  Hire.     Prop.  V. 

*  The  letter  L  marks  the  intersection  of  the  line  BL 
with  the  arch  f  m«  and  the  letter  £  the  intersection  of  the 
arch  6  O  with  the  upper  sur&ce  of  the  leaf  m.  The  let- 
ters D  and  S  correspond  with  L  and  J^  respectiYelTy  an<l 
Pwith/. 
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therefore  is  the  proper  radius  of  the  pinion^  and 
BI  the  proper  radius  of  the  wheel,  the  parts  of 
the  tooth  L  without  the  point  /,  and  of  the  leaf 
SP  without  the  point  P  being  superfluous.  Now, 
to  find  BIy  we  have  ES  i  CS^m :  n,  consequently 

(Eucl.  vi,  16)  CSxm=ESxn,  and  CS=  ^^^ 

but  ES  was  formerly  shewn  to  be  equal  to  -j-j 

therefore,  by  substitution,  CS=  5^^.  Now, 
the  arch  ES^  or  angle  EASj  being  equjJ  to  —  y 

and  CS,  or  the  angle  Cj4S,  being  equal  to  ^^j^y 
their  difference  £C,  or  the  angle  £^C,  will  be 
equal  to  ^ j~.    By  subtracting,  we  have 

jj ,     and    dividing    by    o,    gives 

360 m^n^  Of  '^y^.    The   angle  E^C 

being  thus  found,  the  triangle]]  £L^,  or  I^iB^ 
which  is  almost  equal  to  it,  is  known,  because 
AB  is  given ;  and  lil^ewise  j4I,  which  is  equal 
to  the  cosine  of  the  angle  lAB^  AC  being  ra^ 
dins,  and  ^/C  being  a  right  angle;  consequently 
IB  the  radius  of  the  wheel  may  be  found  by  tri* 
gonometry.  It  was  formerly  shewn,*  that  AC^ 
the  radius  of  what  is  called  the  primitive  pinion, 

was  equal  to — -r,  and  that  jBC,  the  radius  of  the 

primitive  wheel,  was  equal  f o  — r —  f    If,  then, 

we  subtract  AC  or  AS  from  APy  we  shall  have 
the  quantity  SP^  which  must  be  added  to  the  ra- 
dius of  the  primidve  jmiion ;  and  if  we  take  the 


>  See  page  217* 
Vol  II.  P 
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difference  of  BC  (or  BL)  and  /)£,  the  quantity 
LE  will  be  found,  which  must  be  added  to  the 
radius  of  the  primitive  wheel.  We  have  all  along 
supposed  that  the  wheel  drives  the  pinion,  and 
have  given  the  proper  form  of  the  teeth  upon 
this  supposition.  But  when  the  pinion  drives  the 
wheel,  the  form  which  was  given  to  the  teeth  of 
the  wheel,  in  the  first  case,  must  in  this  be 
given  to  the  leaves  of  the  pinion ;  and  the  shape 
which  was  formerly  given  to  the  leaves  of  the  pi- 
nion must  now  be  transferred  to  the  teeth  of  the 
wheel. 
^«™^  Another  form  for  the  teeth  of  wheels,  different 
\wit4m%  froin  any  which  we  have  mentioned,  has  been  re- 
to  Dr.  Ro-  commended  by  Dr.  Robison.  He  shews  that  a 
^"®°'  perfect  uniformity  of  action  may  be  secured,  by 
making  the  acting  faces  of  the  teeth  involutes  of 
Plati  IV,  the  wheel's  circumference.  Thus,  in  Plate  IV,  Fig. 
^''' ''  1 ,  let  jiB  be  a  portion  of  the  wheel  on  which  the 
tooth  is  to  be  fixed,  and  let  Ap  a  be  a  thread  lap- 
ped round  its  circumference,  having  a  loop  hole 
at  its  extremity  a.  In  this  loop  hole  fix  the  pin 
a,  and  with  it  describe  the  curve  or  involute 
abode kj  by  unlapping  the  thread  gradually  from 
the  circumference  Apm.  This  curve  will  be  the 
proper  form  for  the  teeth  of  a  wheel,  whose  dia- 
meter is  AB.  Dr.  Robison  observes^  that  as  this 
form  admits  of  several  teeth  to  be  acting  at  the 
same  time,  (twice  the  number  that  can  be  admit- 
ted in  M.  de  la  Hire's  method),  the  pressure  is 
divided  among  several  teeth,  and  the  quantity 
upon  any  one  of  them  is  so  diminished,  that  those 
dmts  and  impressions,  which  they  unavoidably 
make  upon  each  other,  are  partly  prevented.  He 
candidly  allows,  however,  that  the  teeth  thus 
formed  are  not  altogether  free  from  sliding  and 
Action,  but  that  this  slide  is  so  insignificant  as 
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to  amount  only  to  -^  of  an  inch,  when  a  tooth 
three  inches  long,  fixed  on  a  wheel  ten  feet  in 
diamet^,  acts  upon  the  teeth  of  another  wheel 
whose,  diameter  is  two  feet. 

It  may  be  proper  to  observe,  that  this  form  of 
the  teeth  which  Ur.  Robison  recommends  is  not 
new.  It  is  only  a  modification  of  the  general 
principle  of  De  la  Hire, '  that  no  curve  is  proper 
*  for  the  teeth  of  wheels,  unless  it;  be  epicycioidal,' 
f.  e.  generated  after  the  manner  of  an  epicy* 
cloid.  A  straight  line  can  be  generated  by  an 
epicj'cloidal  motion ;  and  the  involute  abcj  &c« 
is  actually  an  exterior  epicycloid^*  whose  base  is 
ApmBj  and  the  centre  of  whose  generating 
circle  is  infinitely  distant.  The  involute  a  body  Mechanic. 
&c.  may  also  be  produced  by  an  epicycioidal  nio-^^"^^^ 
tion ;  for,  since  the  circumference  or  a  generat*  ing  invo« ' 
ing  circle,  whose  centre  is  infinitely  distant,  must  *"^*^*- 
be  a  straight  line,  we  may  form  the  involute 
abcj  bv  making  a  straight  ruler  roll  upon  the 
circumference  of  the  circle  to  be  evolved.  In 
Fig.  1 ,  let  0  n  be  a  straight  ruler  at  whose  ex* 
tremity  is  fixed  the  pin  n,  and  let  the  point  of 
the  pin  be  placed  upon  the  point  m  of  the  circle, 
then  by  rolling  the  straight  ruler  upon  the  cir- 
cular base,  so  that  the  point  in  which  it  touches 
the  circle  may  move  gradually  from  m  towards 
jB,  the  curve  m  n  will  be  generated  exactly  simi* 
lar  to  the  involute  abc^  &c«  This,  by  the  by, 
is  perhaps  -an  easier  and  more  accurate  method 
of  generating  involutes  than  by  unlapping  a 
thread  firom  the  circumference  of  the  evolute  or 
circle  to  be  evolved. 


^  De  la  Hire  calls  involutes  the  last  of  the  exterior  epi« 
cycloiilSf 

PS 
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From  what  has  been  said  in  page  2179  the 
reader  will  perceive,  that  when  the  pinion  has  a 
small  nmnber  of  leaves,  the  first  mode  of  action 
cannot  be  employed.  By  computing  the  angles 
FtATin  HBCj  HBP,  Plate  II,  Fig.  3,  trigonometri- 
***  ^'  cally,  it  will  be  found  that  a  pinion  of  seven 
leaves  cannot  be  impelled  uniformly  by  a  wheel 
of  fifty  teeth,  when  the  action  is  carried  on  after 
the  line  of  centres ;  for  even  if  the  leaves  had  no 
breadth  like  a  mathematical  line,  then  there 
would  be  no  room  left  for  the  play  of  the 
teeth*  However  great  indeed  be  the  number  of 
teeth  in  ^  wheel,  the  space  between  them  would 
not  be  sufficiently  great  to  receive  a  leaf  qf  a  rea- 
sonable thickness,  and  to  leave  at  the  same  time 
a  sufficient  space  for  the  play  of  the  teeth.  The 
same  may  be  said  of  a  pinion  of  8  leaves  driven 
bv  a  wheel  of  57  teeth  and  upwards,  and  of  a 
pmion  of  9  leaves  driven  by  a  wheel  of  64*  teeth 
imd  upwards.  When  a  pmion  therefore  of  7, 
8,  or  9  leaves  are  to  be  impelled  by  a  wheel,  the 
action  of  the  teeth  upon  the  leaves  must  com- 
mence before  they  have  reached  the  lines  of  cen- 
tres, and  be  continued  after  they  have  passed 
that  line.  If  the  pinion  has  ten  leaves,  it  may 
be  moved  uniformly  by  a  wheel  of  72  teeth,  by 
the  first  mode  of  action ;  but  if  the  vacuity  be- 
tween the  teeth  is  equal  to,  or  greater  than  the 
teeth  themselves,  the  leaves  of  the  pinion  must 
be  caught  by  the  teeth  a  little  before  they  reach 
the  line  of  centre.  * 


^  The  number  of  teeth  here  specified  are  those  beneath 
which  it  would  be  impostibk  for  the  action  to  be  carried 
on.  When  the  wheel  has  a  greater  number|  there  is  no 
impossibihty  in  the  case ;  but  the  teeth  would  be  too  slen- 
der to  resist  the  strains  to  which  they  are  exposed. 

'  See  Camus's  Coura  de  Mathematique*  (  550. 


Thus  have  we  endeavoured  to  lay  befoi'e  our 
readers  all  the  information  which  we  have  upon 
this  important  subject ;  and  we  trust  it  will  be 
candily  received,  as  it  is  the  only  essay  on  the 
subject  which  has  appeared  in  our  language.^ 
The  demonstrations  of  the  propositions  have  been 
purposely  left  out,  as  being  rather  foreign  to  the 
object  of  a  practical  work.  To  the  mechanic, 
they  are  of  no  consequence  ;  and  the  mathema- 


'  In  a  book  entitled,  Imuon*i  Ekmenti  of  Science  and  Art ^ 
which  professes  to  be  a  second  edition  of  Imison^s  School  of 
Artsy  there  are  some  practical  directions  for  the  formation 
of  the  teeth  of  wheels,  but  they  are  so  defective  in  prin- 
ciple that  they  cannot  be  trusted.  The  author  seems  merely 
to  have  heard  that  the  acting  faces  of  the  teeth  should  be 
cpicycloidal,  but  to  have  been  totally  igoorant  whether  the 
epicycloids  should  be  exterior  or  interior,  and  what  should 
be  their  bases  and  generating  circles.  The  directions  which 
this  author  gives  tor  forming  the  teeth  of  a  rack,  and  the 
lifting  cogs  or  cams  of  forge  hammers,  are  equally  desti* 
tute  of  scientific  principle. 

*•*  The  preceding  note,  which  was  published  in  the 
first  edition  of  this  work,  has  called  forth  a  reply  from  the 
author  of  the  article  in  Imison's  Elements,  on  which  I  had 
animadverted^  This  reply  was  published  in  a  translation  of 
one  of  Camus's  Essays  on  the  teeth  of  wheels,  and  was  writ- 
ten by  a  Mr.  Thomas  Gill  in  London.  This  gentleman  in^ 
sists,  that  the  rules  which  he  has  given  in  Imison's  elements 
are  correct,  because  they  have  been  found  to  answer  in 
practice  ;  though  it  is  demonstrable,  and  evident  to  every 
person  who  understands  the  subject,  that  the  generating 
circles  with  which  he  describes  his  epicycloids,  are  trance  at 
large  as  they  ought  to  be.  The  same  gentleman  hbs  thought 
proper  to  say,  that  the  preceding  article  on  the  teeth  of 
wheels  is  detective,  in  not  containing  that  method  of  fonn« 
ing  the  teeth  in  which  the  acting  faces  are  partly  radit, 
and  partly  epicycloids  ;  while  thu  very  nuAoi  is  not  only 
^ivm,  but  reeommended^  to  the  notice  of  the  practical  me- 
chanic !  (See  page  223,  line  11  from  bottom).  I  shaU 
forbear  making  any  animadversions  on  this  new  mode  of 
literary  assault.  I  willingly  commit  the  subject  to  the 
judgmoit'  of  every  intelligeiit  reader. 
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ddan  can  either  demonstrate  them  himself,  or 
have  recourse  to  the  original  dissertations  of  Ca- 
mus and  De  la  Hire. 

On  the  Nature  of  Bevelled  Wheels,  and  the 
method  of  giving  an  epicycloidalform  to  their 
Teeth. 

Nittire  of       The  principle  of  bevelled  wheels  was  pointed 
^^^    out  by  De  la  Hire,  so  long  ago  as  the  end  of  the 
seventeenth  century.^  It  consists  in  one  fluted  or 
toothed  cone  acting  upon  another,  as  represented 
Pi.ATixii,in  Figure  8,  of  Plate  XII,  where  the  cone  0  D 
^«-  ^      drives  the  cone  0  C,'  conveying  its  motion  in  the 
direction  OC.     If  these  cones  be  cut  parallel  to 
their  bases  as  at  ^  and  jB,  and  if  the  two  small 
cones  between  A  B  and  O  be  removed,  the  re- 
maining parts  A  C  and  B  D  may  be  considered 
as  two  bevelled  wheels,  and  B  D  will  act  upon 
AC  m  the  very  same  manner,  and  with  the 
same  effect  that  the  whole  cone  0  D  acted  upon 
the  whole  cone  OC  ;  and  if  the  secdon  be  made 
nearer  the  bases  of  the  cones,  the  same  effect 
will  be  produced.     This  is  the  case  in  Figure  9, 
Wig.  9.      where  CD  and  D  E  are  but  very  small  pordons 
of  the  imaginary  cones  A  CD  and  AD  E. 

In  order  to  convey  modon  in  any  given  di- 
reqdon,  and  determine  the  reladve  size  and  situ- 
adon  of  the  wheels  for  this  purpose,  let  A  B^ 
Efg.za  Fig.  10,  be  the  axis  of  a  wheel,  and  (7D  the 
given  direction  in  which  it  is  required  to  convey 
the  motion  by  means  of  a  wheel  fixed  upon  the 
axis  A  Bj  and  acting  upon  another  wheel  fixed 
on  the  axis  CD,  and  let  us  suppose  that  the  axis 
C  D  must  have  foiu:  dmes  the  velocity  of  A  B^ 


^  Traite  de  Mecnuque,  prop,  66»  published  in  the  Mem. 
de  TAcad.  Parit,  &«.  depuis  itHK,  jutqAa  1^9,  torn,  uu 
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or  must  perform  four  revolutions  while  A  B  per- 
forms one ; — then  the  number  of  teeth  in  the 
wheel  fixed  upon  ^jB*must  be  four  times  great* 
er  than  the  number  of  teeth,  in  the  wheel  fixed 
upon  CDf  and  their  radii  must  have  the  same 
proportion.  Draw  cd  parallel  to  CD  at  any 
convenient  distance,  and  draw  a  b  parallel  toAB 
at  four  times  that  distance,  then  the  lines  i  m  and 
i  n  drawn  perpendicular  to  A  B  and  CD  respect- 
ively, will  mark  the  situation  and  size  of  the 
wheels  required.  In  this  case  the  cones  are  Oni 
and  0 m i,  and  srni^  rpm i,  are  the  portions 
of  them  that  are  employed.  The  operation  here 
indicated,  is  evidently  nothing  more  than  the 
common  problem  or  dividing  a  given  angle 
BOD  into  two  parts,  whose  sines  shall  be  to  one 
another  as  the  number  of  revolutions  of  the  one 
wheel,  to  the  number  of  revolutions  of  the  other. 
If  w  :'n  as  one  of  these  numbers  is  to  the  other, 
the  problem  solved  algebraically  will  give  the 

following  theorem.   2.  Sin.  — r — =r  2  Sin.  -^  X 

-— ,  which  verifies  the  preceding  construction.* 

The  formation  of  the  teeth  of  bevelled  wheels  <>«  ?he  for- 
is  more  difficult  than  one  would  at  first  imagine ;  JhelTi^h. 
and  no  author,  so  far  as  I  know,  has  attempted 
to  direct  the  labours  of  the  mechanic.  The 
teeth  of  such  wheels,  indeed,  must  be  formed 
by  the  same  rules  which  we  have  given  for  other 
wheels;  but  since  diflFerent  parts  of  the  same 
tooth  are  at  different  distances  from  the  axis, 
these  parts  must  have  the  curvature  of  their  act- 
ing surfaces  proportioned  to  that  distance.  Thus, 
in  Fig.  9,  the  part  of  the  tooth  at  i  must  be 

*  See  Gregory's  Mechanics,  vol.  ii,  p.  7>  9Mi  Simpson's 
Select  Exercises,  p.  138. 
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more  incurvated  than  the  part  at  C,  as  is  e^dent 
from  the  inspection  of  Fig.  8^  and  the  epicycloid 
for  the  part  i  Fig.  9.  must  be  formed  by  means  of 
circles  whose  diameters  are  i  m  and  Ffy  while  the 
epicycloid  for  the  part  r  must  be  generated  by 
circles,  whose  diameters  are  Cn  and  D  d. 

Let  us  suppose  a  plane  to  pass  through  the 
points  O  A B;  the  lines  AB^  AOj  will  evident- 
ly  be  in  this  plane,  which  may  be  called  the 
Plane  of  Centres.  Now,  when  the  teeth  of  the 
wheel  D  Ej  which  is  supposed  to  drive  C  Z),  the 
smallest  of  the  two,  commence  their  action  on  the 
teeth  of  CD,  as  soon  as  they  arrive  at  the  plane  of 
centres,  and  continue  their  action  after  they  have 
passed  this  plane,  the  curve  given  to  the  teeth  of 
CD  at  C  should  be  a  portion  of  an  interior  epicy- 
cloid formed  by  any  generating  circle  rolling  on 
the  concave  superficies  of  a  circle  whose  diameter 
is  twice  C  n,  which  is  perpendicular  to  C  Ay  and 
the  curvature  of  the  teeth  at  i  should  be  part  of 
a  similar  epicycloid,  formed  upon  a  circle,  whose 
diameter  is  twice  i  m.  The  curvature  of  the  teeth 
of  the  wheel  D  Ezt  D  should  be  part  of  an  ex- 
terior epicycloid  formed  by  the  same  generating 
circle  rolling  upon  the  concave  circumference  of 
a  circle  whose  diameter  is  twice  D  rf,  perpendicu- 
lar to  D  A;  and  the  epicycloid  for  the  teeth  at  F 
is  formed  in  the  same  way,  only  instead  of  twice 
D  rf,  the  diameter  of  the  circle  must  be  twice  Ff. 
When  any  other  mode  of  action  is  adopted,  the 
teeth  are  to  be  formed  in  the  same  manner  that 
we  have  pointed  out  for  common  wheels,  with 
this  diflFerence  only,  that  diflFerent  epicycloids  are 
necessary  for  the  parts  F  and  D.  It  may  be  suf- 
ficient, however,  to  find  the  form  of  the  teeth 
at  jP,  as  the  remaining  part  of  the  tooth  may  be 
shaped  by  directing  a  straight  rule  from  different 
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points  of  the  epicycloid  at  F  to  the  centre  A^  and 
filing  the  tooth  till  every  part  of  its  acting  sur- 
face coincides  with  the  side  of  the  ruler.  The 
reason  of  this  operation  will  be  obvious  by  at- 
tending to  the  shape  of  the  tooth  in  Fig,  8.  When 
the  small  wheel  CD  impels  the  large  one  D  E^^^it^ 
the  epicycloids  which  were  formerly  given  to 
CD  must  be  given  to  DEy  and  those  which 
were  given  to  D  E  must  be  transferred  to  C  DJ 

The  wheel  represented  in  Fig.  5,  Plate  XIII, Uncrown 
is  sometimes  called  a  crown  wheel,  though  it  is  ^^"^ 
evident  from  the  figure,  that  it  belongs  to  that 
species  of  wheels  which  we  have  just  been  con- 
sidering; for  the  acting  surfiices  of  the  teeth  platc 
both  of  the  whdil  MB^  and  of  the  pinion  pj"'' 
EDGy2ire  directed  to  C,  the  common  vertex  of 
the  two  cones  C  M  B^  C  E  G.  In  this  case,  the 
rules  for  bevelled  wheels  must  be  adopted,  in 
which  ^  «$  is  to  be  considered  as  the  radius  of 
the  wheel  for  the  profile  of  the  tooth  at  Aj  and 
MN  as  its  radius  for  the  profile  of  the  tooth  at 
3/;  and  the  epicycloids  thus  formed,  will  be 
the  sections  or  profiles  of  the  teeth  in  the  direc- 
tion MPj  at  right  angles  to  JV/C,  the  surface  of 
the  cone.  When  the  vertex  C  of  the  cone 
MCG  approaches  to  N  till  it  be  in  the  same 
plane  with  the  points  Af,  G,  some  of  the  curves 
will  be  cycloids,  and  others  involutes,  as  in  the 
case  of  rackwork  mentioned  in  page  242;  for  then 
the  cone  CEG  will  revolve  upon  a  plane  sur- 
face. 


'  A  method  of  bevelling  wheels  with  a  simple  instru- 
menty  invented  by  Mr.  James  Kelly  of  New  Lanark  cotton- 
millsy  may  be  seen  in  the  Repertory  of  Arts,  yoI.  vi,  p.  106* 
This  instrument,  founded  on  the  equality  of  yertical  angles* 
is  so  very  simple  that  it  must  have  occurred  to  mecbaoici  of 
common  ingenuity. 
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On  the  Formation  of  Exterior  <ind  Interior  Epi" 
cycloids  J  and  on  the  Disposition  of  the  Teeth 
on  the  WheePs  Circumference. 

Afochtnitai  Nothing  can  be  of  greater  importance  to  the 
2^^*^^  practical  mechanic,  than  to  have  a  method  of 
cpicydoidi.  drawing  epicycloids  with  facility  and  accuracy ; 
the  following,  we  trust,  is  the  most  simple  me- 
chanical method  that  has  yet  beoi  devised. — 
PtATi  IV, Take  a  piece  of  plain  wood  G  Hj  Fig.  2,  and  fix 
^^^'  *•  upon  it  another  piece  of  wood  £,  having  its  cir- 
cumference mb  of  the  same  curvature  as  the  cir- 
cular base  upon  which  the  generating  circle  j4B 
is  to  roll :  when  the  generatftig  circle  is  large, 
the  shaded  segment  B  will  be  sufficient.  In  any 
part  of  the  circumference  of  this  segment,  fix  a 
sharp  pointed  nail  a,  sloping  in  such  a  manner 
that  the  distance  of  its  point  from  the  centre  of 
the  circle  may  be  exactly  equal  to  its  radius ;  and 
fasten  to  the  board  GH2l  piece  of  thin  brass,  or 
copper,  or  tinplate  a  by  distinguished  by  the  dot- 
ted lines.  Place  the  segment  B  in  such  a  posi- 
tion that  the  point  of  the  nail  a  may  be  upon  the 
point  by  and  roll  the  segmeftit  towards  G,  so  that 
the  nail  a  may  rise  graduall](,  and  the  ppint  of 
contact  between  the  two  circular  segments  may 
advance  towards  m  ;  the  curve  a  b  described  upon 
the  brass  plate  will  be  an  accurate  exterior  epicy- 
ddd.  In  order  to  prevent  the  segments  from 
sliding,  their  peripheries  should  be  rubbed  with 
rosin  or  chalk ;  or  a  number  of  small  iron  points 
may  be  fixed  in  the  circumference  of  the  generat- 
ing segment.  Remove,  with  a  file,  the  part  of 
the  brass  on  the  left  hand  of  the  epicycloid,  and 
the  remaining  concave  arch  or  gage  a  b  will  be  a 
pattern  tooth,  by  means  of  which  all  the  rest  may 
be  easily  formed.    When  an  interior  epicycloid  is 
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Vranted,  the  concave  side  of  its  circular  base  must 
be  used.  The  method  of  describing  it  is  repre- 
sented in  Figure  8,  where  C  D  is  the  generating  Rg.  3. 
circle,  F  the  concave  circular  base,  AfiV  the 
piece  of  wood  on  which  this  base  is  fixed,  and  c  d 
the  interior  epicycloid  formed  upon  the  plate  of 
brass,  by  rolling  the  generating  circle  C,  or  the 
generating  segment  Z),  towards  the  right  hand« 
The  cycloid^  which  is  useful  in  forming  the  teeth 
of  rack  work^  is  generated  precisely  in  the  same 
manner,  with  this  difference  only,  that  the  base 
on  which  the  genera*  ing  circle  rolls  must  be  a 
straight  line. 

Although,  in  general,  it  is  necessary  to  give  Both  tidci 
the  proper  curvature  only  to  one  side  of  the^^*^ 
teeth,  yet  it  may  be  proper  to  form  both  sides  properly 
with  equal  care,  that  the  wheels  may  be  able  to"^**^ 
move  in  a  retrograde  direction.     This  is  particu- 
larly necessary  when  a  reciprocating  power  is  em- 
ployed.    In  the  case  of  a  mill  moving  by  the 
force  of  a  single-stroke  steam  engine,  the  direc- 
tion of  the  pressure  on  the  communicating  parts 
of  the  machinery  is  changed  twice  every  stroke. 
During  the  working  stroke,   the  teeth  of  the 
wheels  which  convey  the  motion  from  the  beam 
to  the  machinery  are  acting  with  one  side  of  their 
teeth,  but  during  the  returning  stroke  the  wheels 
act'  with  the  other  side  of  their  teeth.  * 

In  order  that  the  teeth  may  not  embarrass  one 
another  before  their  action  commences,  and  that 
one  tooth  may  begin  to  act  upon  its  correspond- 
ing leaf  of  the  pinion,  before  the  preceding 
tooth  has  ceased  to  act  upon  the  preceding  leaf, 
the  height,  breadth,  and  distance,  of  the  teeth 
must  be  properly  proportioned.     For  this  pur- 

*  Sec  Dr.  Robison  a  Treatise  on  Maclnnery  in  the  Sup- 
*  plement  to  the  Encyclopedia  Britannica,  v,  ii,  p.  104,  ^  36. 
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pose  the  pitch  line  or  circumference  of  the  wheel 
ptATi  in,  which  is  represented  in  Figures  2  and  3,  by  the 
Kg.  1  &  3-  dotted  arches,  must  be  divided  into  as  many  equal 
spaces  as  the  number  of  teeth  which  the  wheel  is 
to  carry.  Divide  each  of  these  spaces  into  1 6 
equal  parts ;  allow  7  of  these  for  the  greatest 
breadth  of  the  tooth,  and  9  for  the  distance  be- 
tween each,  or  the  distance  of  the  teeth  may  be 
made  equal  to  their  breadth.  If  the  wheel  drives 
a  trundle,  each  space  should  be  divided  into  7 
equal  parts,  and  3  of  these  allotted  for  the  thick- 
ness of  the  tooth,  and  3y  for  the  diameter  of  the 
cylindrical  stave  of  the  trundle.  ^  If  each  of  the 
spaces  already  mentioned,  or  if  the  distance  be- 
tween the  centres  of  each  tooth,  be  divided  into 
S  equal  parts,  the  height  of  the  teeth  must  be 
equal  to  2  of  these.  ^  These  distances  and  heights, 
however,  vary  according  to  the  mode  of  action 
which  is  employed.^  The  teeth  should  be  round- 
ed off  at  the  extremities,  and  the  radius  of  the 
wheel  made  a  little  larger  than  that  which  is  de- 
duced from  the  rules  in  pages  217  and  224.  But 
when  the  pinion  drives  the  wheel,  a  small  addi- 
tion should  be  made  to  the  radius  of  the  pinion. 

On  the  Formation  of  CyclotcU  and  Epicycloids  hj 
Means  of  Points^  and  the  Method  of  dratving 
Lines  parallel  to  them. 

Method  of      As  the  preceding  mechanical  method  of  form- 
^"^doidt  "^S  epicycloidal  curves  may  be  regarded  by  some 

by  meaat  • 

of  points. 

'  Imison  allows  3  parts  for  the  thickness  of  the  tootb» 

and  4  for  the  diameter  of  the  stave.     But  it  is  evident  that 

in  this  case  the  staves  of  the  wallower  would  stick  between 

the  teeth  of  the  wheel. 

^  Some  make  the  height  of  the  teeth  almost  equal  to 
the  distance  between  the  centres  of  each,  but.  this  can  be 
determined  only  by  the  method  formerly  stated.  See  p.  225^ 

'  See  Wolfii  Opera  Math'ematica,  torn,  i,  pp.  6^-7« 
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as  too  difEcuIt  in  practice,  and  too  liable  to  error, 
we  shall  point  out  a  method  of  describing  epicy- 
cloids by  means  of  points,  and  a  more  accurate 
way  of  drawing  lines  parallel  to  them  than  that 
which  is  described  in  the  preceding  pages,  and 
represented  in  Figure  4  of  Plate  II. 

Let  the  radius  AB^  Fig.  5,  Plate  III,  of  thepiATin^ 
large  wheel  be  called  a,  and  the  radius  BC  of'J-'J* 
the  lesser  one,  or  generating  circle,  be  called  A, 
and  let  the  Variable  quantity  x  be    equal    to 

-J-  X  z,  z  being  any  number  of  degrees  taken  at 

pleasure,  and  equal  to  the  variable  angle  B  AO. 
Then  having  drawn  the  chord  -B  O  we  will  have 

ABO,  orA0B=90'' — |;  the  chord  J50=2flX 
sin-  -;  and  ^  0  Z)=90*^+ 1.  Whence  B  O  D= 
'I±^;  and  0  D=2  ix  sin.  ^.   The  line  O  D  be- 

2  2 

ing  thus  determined,  we  have  one  point  D  of 
the  epicycloid  B  D.  If  the  angle  B  A  O^or  the 
vai'iable  quantity  z  be  gradually  diminished,  and 
0  D  determined  anew,  we  shall  have  other  points 
of  the  epicycloid  between  D  and  5 :  or  if  z  be 
increased,  other  points  of  the  epicycloid  beyond 
D  will  be  detenmned.  Since  a  very  small  arch 
of  any  curve  may  be  represented  by  the  arch  of 
a  circle  equicurve  to  it  in  the  same  point,  we  may 
describe  a  small  portion  of  the  epicycloid  at  D 

with  a  radius  equal  to — ~  X2  0D.   This ra^ 

^  a+26 

dius  being  reckoned  from  jD,  on  the  line  D  0, 

which  is  perpendicular  to  the  epicycloid  at  Z), 

will  give  the  centre  from  which  the  elementary 

arc  at  Z>  may  de  described.     In  finding  the  dit« 

ferent  points  /),  d  of  the  epicycloid  B  />,  we  de- 
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termine  at  the  same  timef  the  lines  DO,  dO  per-- 
pendicular  to  the  epicycloid  in  the  respective  points 
Dy  d ;  hence  it  will  be  an  easy  matter  to  draw  a 
curve  parallel  to  the  epicycloid  B  D  zi  any  given 
distance.  Thus  let  M  be  the  given  distance,  then 
take  the  line  M  in  the  compasses,  and  set  it  from 
D  to  F  on  the  perpendicular  D  F,  and  also  from 
d  to  f,  on  df,  and  so  on  for  the  other  points.  A 
number  of  points  F,/,  &c.  will  therefore  be  de- 
terminedjthrough  which  we  can  describe  the  curve 
EjFGj  which  will  be  parallel  to  the  epicycloid 
B  Dj  and  distant  from  it  by  the  given  quantity  A/. 
In  order  to  illustrate  this  method  by  an  ex- 
ample, let  ji  Bj  the  radius  of  the  large  wheel,  be 
42.991  inches,and5C=25.7:^46=^x5X6.6,then 
a:  &  as  10:  6.     Let  us  suppose  zzzl2^    Then 

ap=^X  12,  or  ^=20** ;  consequently  ^  =  60 ; 

B  0  Dzz  J  6"*.     Since  5  0  is  equal  to  2a  x  sin* 

^  we  shall  have 

Logarithm  2  a= 1.93441 23 
Log.Sine|or  6*^=9.01 92346 


ThereforeB  0=8.9876    0.9536469  Log. 
In  order  to  find  0  Dzz2  b  X  sin.  -we  have 
Logarithm  2  £  =  1.7125636 
Log.  Sint^or  10*^=9.2396702 

Therefore  OZ)=8,9584,  0.9522338 

The  radius  of  curvature  at  the  point  Z),  con- 

sequently,  will  be=— X  0Z>,  when  z=  12%^  that 

1  ^  I   ■  ■     .  I.  ■■■  I  ■    — . 

•  The  radius  of  curvature  being  always  s- "-"   i-  X  20Z>, 

it  will  be  equal,  in  the  present  example,  to      1]     X  20  A 
orl|xaaD,orl5xOZ). 
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18,  the  radius  of  curvature  will  be  13.030.  If  2 
be  successively  diminished  to  6°,  4°,  and  2*^,  we 
shall  have  the  results  contained  in  the  following 
table,  which  are  found  in  the  same  way  as  when 
z=12^ 


z 

X 

EBO 

BOD 

BO 

OD 

Radius  of 
Curvatnre. 

2» 

6 
12 

3' 20' 

6   40 

10     0 

12      0 

1    l" 
'    2 
3 
6 

2°  40 

5   20 

8      0 

16      0 

1.50061.5004   2.1824 
3.00072.9996    4.3631 
4.50004.4962    6.5400 
8.987^.9584  13.030ol 

By  means  of  this  table,  four  points  of  the  epicy- 
cloid may  be  found.  Make  the  angle  Bji  Ozz  1 2?j 
B0D=il6,  and  OD  =z  8.9584,  which  will  deter- 
mine  the  point  D ; '  and  so  on  with  the  rest. 

As  it  would  be  extremely  difficult  to  project  the 
wheels  C  and  ji  upon  paper,  when  they  are  very 
large,  we  shall  shew  how  to  describe  the  epicy- 
cloid without  using  the  centres  C  and  ^.  Draw 
BE  perpendicular  to  the  line  Cj4  that  joins  the 
centres  of  the  wheels,  and  make  the  angle  EBO 
equal  to  one  half  of  z,  viz.  6  degrees.  Make  B  O, 
as  before  founds  equal  to  8.9876;  the  angle 
J50Z)=l6^,  and  0Z)=8.9584,  and  the  pomt  D 
will  be  determined  when  the  line  CA  is  only  given 
in  position. 

In  the  Cycloid  let  the  line  B  0  (Fig.  6,  Plate  Pt ati  iiv 
III)  be  equal  to  i  X  z,  b  being  the  radius  of  the  ^^^'  *• 
generating  circle  c,  and  z  any  number  of  degrees 

taken  at  pleasure.     Then  D  0zz2b  x  Sine  -,and 

DOBzz,-.  From  Diet  fall  the  perpendicular 
DKf  and  let  Z)A:=M,and  BK=zx ;  thenDoX 
ttnej=Z)jS^ory;^2Ax  siAe— =i  x  versed  sine 


^ 
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2=i  X  1— <os.  z.   Likewise  we  have  K0^2  h  x 

cas.^Xsine-=:i'X  sine  z.   Whence  J5  if, or  xzzb 

X  z — sine  z.  Wherefore  jB  JT  and  D  K  being 
thus  found,  the  poiiit  D  in  the  cycloid  will  be 
determined ;  and  by  diminishing  z  continually, 
we  shall  then  have  other  points  of  the  cycloid  be- 
tween D  and  £,  and  by  increasing  it  we  shall 
have  points  beycmd  D. 
Enrnpie.  To  illustrate  this  by  an  example*  let  £=:  1  and  z 
zillXfzzl  80*" — 60'',  then  since^  =:  1  we  shall  have 
y  =:versed  sine  1  W=2 — versed  sine  60°= 1  •500. 
To  find  Xj  which  is=:6x  z^sine  z,  or,  in  the 
present  case,  =  z — sine  z,  since  b  is  equal  to  1. 
The  arch  z,  or  1 20**,  being  \  of  the  circumference 
of  a  circle  whose  radius  is  1 ,  and  whose  circum- 
ference is  3.1415927  X  2,  or  6.2831854,  will  be 
equal  to  2.0943950,  and  the  sines  of  1 20'',  or  its 
supplement  60"*,  is  0.8660254.   Therefore 

120**=2.0943951 
sine  120°=:0.8660254 

*=  1.2283697 
If  z  be  made  6%  *  will  be  =0.0001108,  andy= 
0.0038053.  The  numbers  x  and  y  being  thus 
determined,  we  have  only  to  make  BK  equal  to 
Xj  and  KD  to  y J  in  order  to  find  the  point 
D.  It  may  be  proper  to  observe,  that  the  variable 
number  z  should  be  taken  pretty  small  both  for  the 
cycloid  and  epicycloid,  as  it  is  only  a  little  por- 
tion of  these  curves  that  is  required  for  the  teeth 
of  wheels  ;  and  when  several  points  of  the  curve 
are  determmed,  the  intervening  space  may  be 
made  arches  of  a  circle  equicurve  to  the  epicy- 
cloid at  the  same  point.' 


*  See  Kaestner's  Memoir  de  DenHius  Raimntm^  in  the 
Comment.  Soc.  Reg.  Getting.  1^82^  toL  v»  pp.  9^  249 


^ 
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OM  THE  FORMATION  OF  THE  TEETH  OF  RACK- 
WORK,  THE  ARMS  OP  LEVERS,  THE  WIPERS  OF 
STAMPERS,  AND  THE  LIFTING  COG8  OR  CAMS 
OP  POROE  HAMMERS. 

1  HE  teeth  of  a  wheel  may  act  upon  those  of  zOatke 
rack,  according  to  the  three  different  ways  in  JS^k. 
which  one  wheel  acts  upon  another,  and  each  of    i 
these  modes  of  action  requires  a  different  form 
for  the  communicating  parts. 

From  what  has  been  said»  in  the  preceding  dia- 
sertation,  it  would  be  easy  to  deduce  the  proper 
form  for  the  teeth  of  rackwork,  merely  by  con- 
sidering the  rack  as  part  of  a  wheel,  whose  centre 
is  infimtely  distant.  ^  But,  as  the  epicycloids  are, 
in  this  case,  converted  into  other  curves,  which 
have  d^erent  names,  and  are  generated  in,  a  dif^* 
ferent  ^Earner,  it  may  be  proper,  for  the  sake-of 


*  • 

*  Since  thjs  article  w^s  writ^n,  }'  have  seen  a  paper,  by 
K^^tifiery  on  the  same  subject,  in  the  'J^.  CowimaUar*.Sof. 
Rej^,:Goittng.  177I9  torn,  ii,  p^  II7;  but  it  contains  nothi0|r 
new,  excepting  a  method  of  describing  if^Utes,  bytntaiis 
of  points.  '      ' 

roi.  II.  Q 
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the  practical  mechanic,  to  add  a  few  observations 
illustrative  of  this  subject. 
Wtte  IV,  In  Fig.  4,  let  AB  be  the  wheel,  which  is  em- 
*^  ployed  to  elevate  the  rack  C,  and  let  their  mutual 
action  not  conunence  till  the  acting  teeth  have 
.  reached  the  line  of  centres  AC*  In  this  tase,  C 
becomes,  as  it  were,  the  pinion  or  wheel  driven, 
and  the  acting  faces  of  its  teeth  must  be  interior 
epicycloids^  formed  by  any  generating  circle,  roll- 
ing within  the  drcuinference  pq  ;  but  zs  pais  a 
straight  line,  these  interior  epicycloids  will  be 
cycloidi^  or  trochoids^  as  they  are  sometimes  call- 
Aj  which  are  curves  generated  by  a  point  in  the 
dromiference  of  a  circle,  rolling  upon  a  straight 
line,  or  phne  sur£au:e.  The  acting  face  opj 
therefore,  will  be  part  of  a  cycloid^  formed  by 
any  generating  circle,  and  mn  the  acting  face  of 
the  teeth  of  the  wheel,  must  be  an  exterior  epi^ 
cycloid,  produced  by  the  same  generating  circle, 
rolling  on  mr  the  convex  surface  of  the  wheel. 
If  it  is  required  to  make  op  a  straight  line,  as  in 
the  figure,  then  mn  must  be  an  involute  of  the 
circle  mr,  formed  according  to  the  manner  re- 
presented in  Fig.  1,  Plate  IV. 

Figure  4  represents  likewise  a  wheel  depressing 
die  rack  C  when  the  third  mode  of  action  is  used, 
viz.  when  the  action  commences  above  the  line 
of  centres,  and  is  carried  on  below  this  line.  In 
this  case  also,  C  becomes  the  pinion,  and  DE  the 
wheel ;  eA,  therefore,  must  be  part  of  an  interior 
^icyclcnd,  formed  by  any  generating  circle,  roll- 
ing on  the  concave  side  ex  of  the  wheel,  and  be 
must  be  an  exterior  epicycloid,  produced  by  the 
same  genlerating  circle,  rolling  upon  the  circum-> 
ference  of  the  lack.  The  remaininjg  psut  cd  of 
the  teeth  of  the  wheel  must  be  an  exterior  epi- 
cycloid, described  by  any  generating  circle,  mov- 


i 
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ing  upon  the  convex  side  er,  and  ba  must  be  an 
interior  epicycloid,  engendered  by  the  same  ge- 
nerating circle,  rolling  within  the  circumference 
of  the  rack.  But,  as  the  circumference  of  the 
rack  is,  in  this  case,  a  straight  line,  the  exterior 
epicycloid  bcj  and  the  interior  one  buj  will  be  cy- 
cloids, formed  by  the  same  generating  circles 
which  are  employed  in  describing  the  other  epi- 
cycloids. Since  it  would  be  difficult,  however, 
as  has  ali^ady  been  remarked,  to  give  this  com- 
pound curvature  to  the  teeth  of  the  wheel  and 
rack,  we  may  use  a  generating  circle,  whose  dia- 
meter is  equal  to  Dxy  the  radius  of  the  whee, 
for  describing  the  interior  epicycloid  eA,  and  the 
exterior  one  6c,  and  a  generating  circle,  whose 
diameter  is  equal^to  the  radius  of  the  rack,  for 
describing  the  interior  epicycloid  ab^  and  the  ex- 
terior one  de;  ah  and  eA,  therefore,  will  be  straight 
lines,  and  be  will  be  a  cycloid,  and  de  an  invo- 
lute of  the  circle  ex^  the  radius  of  the  rack  being 
infinitely  great. 

In  the  same  manner  may  the  form  of  the  teeth 
of  rackwork  be  determined,  when  the  second 
mode  of  action  is  employed,  and  when  the  teeth 
of  the  wheel,  or  rack,  are  circular  or  rectili- 
neal. But,  if  the  rack  be  part  of  a  circle,  it  must 
have  the  same  form  for  its  teeth,  as  that  of  a  wheel 
of  the  same  diameter  with  the  circle,  of  which  it 
is  a  part 

In  machinery,  where  large  weights  are  to  be  impottaaco 
raised,  such  as  in  fulling-mills,  mills  for  pounding  ^^^^^ 
ore,  &c.  or  where  large  pistons  are  to  be  ele-  form  to 
vated  by  the  arms  of  levers,  it  is  of  the  greatest  ^*p«^ 
consequence,  that  the  power  should  raise  the 
weight  with  an  uniform  force  and  velocity ;  and 
this  can  be  eflfected  only  by  giving  a  proper  form 
to  the  wipers.    A  certain  chss  of  mechanics  ge- 
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nerally  excuse  themselves  for  not  attending  to  the 
proper  form  of  the  teeth  of  wheels,  by  alleging 
that  the  scientific  form  differs  but  little  from 
theirs,  and  that  teeth,  however  badly  formed, 
will,  in  the  course  of  time,  work  into  die  proper 
shape.  This  excuse,  however,  will  not  apologize 
for  their  negligence  in  the  present  case.  The 
scientific  form  of  the  wipers  of  stampers  and  the 
arms  of  levers  are  so  widely  different  from  the  form 
which  is  generally  assigned  them,  as  to  increase 
very  much  the  performance  of  the  machine,  and 
preserve  its  parts  from  that  injury  which  is  always 
occasioned  by  the  want  of  an  uniform  motion. 

Now  there  are  two  cases  in  which  this  uni- 
formity of  motion  may.  be  required,  and  each  of 
these  demands  a  different  form  for  the  commu- 
nicating parts.     1 ,  When  the  lever  is  to  be  rais- 
ed perpendicularly,  as  the  piston  of  a  pump,  &c. ; 
2,  when  the  lever  to  be  raised  or  depressed  moves 
upon  a  centre,  and  rises  or  falls  in  the  arch  of  a 
cuxle,  in  the  same  plane  with  the  wheel,  such  as 
the  sledge  hammer  in  a  forge,  and  the  stampers 
in  a  fulling  mill ;  and  3,  When  the  lever  rises  in 
the  arch  of  a  circle,  and  moves  in  a  plane  at  right 
angles  to  the  plane  of  the  wheel's  motion. 
Plate  IV,        1.  In  Figure  5,   let  ^^  be  an  axis  driven 
^'■^*      by   a  water-wheel,    or   any   other   power,    at 
^Jj^  right  angles  to  which  is  fixed  the  bar  wim,  on 
perpendi-  whose  extremities  the  wipers  mn  mn  are  fastened* 
cuhrjy.     fj^^  wiper  mn,  acting  upon  the  arm  PEj  raises 
the  piston,  or  we^ht,  EF  to  the  required  height* 
The  i»ston  then  falls,  and  is  again  raised  by  the 
lower  wiper.   We  have  rq>resented  in  the  figure 
only  one  piston ;  but  it  often  happens  that  two 
or  diree  are  to  be  employed,  and,  in  this  case, 
the  axis  jiB  must  carry  four  or  ^x  wipers,  Which 
should  be  so  distributed  upoa  its  circuxx^erencey 
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that  when  one  piston  is  about  to  fall,  the  other 
may  begin  to  rise.  Now,  in  order  that  these  pis- 
tons may  be  raised  with  an  uniform  motion,  the 
form  of  the  wiper  mn  must  be  the  eyolute  of  a 
circle,  whose  diameter  is  mm;  or,  in  other  words, 
it  must  be  an  epicycloid,  formed  by  a  generating 
circle,  whose  centre  is  infinitely  distant,  rolling 
upon  the  convex  circumference  of  anq^her  circle, 
whose  diameter  is  mm.  But  as  a  small  roller  P 
is  frequently  fixed  to  the  extremity  of  the  arm  E 
to  diminish  the  friction  of  the  working  parts,  we 
must  draw  a  curve  within  the  above-mentioned 
involute,  and  parallel  to  it,  the  distance  between 
them  being  equal  to  the  radius  of  the  roller ;  * 
and  this  new  curve  will  be  the  proper  form  for 
the  wiper  mn^  when  a  roller  is  employed. 

The  piston  EF  may  also  be  raised  or  de- 
pressed uniformly,  by  giving  a  proper  curvature 
to  the  arm  P£,  and  fixing  the  roller  upon  the 
extremities  of  the  bar  m7n.  Thus,  in  Fig.  5,  let 
CD  be  an  axis,  moved  by  any  power,  in  which 
are  fixed  the  arms  DHj  MR,  having  rollers  /T, 
Rj  at  their  extremities,  which  act  upon  the  curved 
arm  op.  When  the  piston  EF  is  raised  to  the 
proper  height,  by  the  action  of  the  roller  H 
upon  op,  it  then  nills,  and  is  again  elevated  by 
the  arm  M.  In  order  that  its  motion  may  be 
uniform,  the  arm  op  must  be  part  of  a  cycloid, 
the  radius  of  whose  generating  circle  is  equal  to 
the  length  of  the  arm  DH,  reckoning  from  its 
extremity  //,  or  the  centre  of  the  roller,  to  the 
centre  ot  the  axle  DC.  But,  when  a  roller  is  fix- 
ed upon  the  extremity  //,  we  must  draw  a  curve 


*  The  method  of  doing  this  is  shewn,  in  Plate  II,  Fig.  4. 
See  pages  218,  21 9* 
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parallel  to  the  cycloid,  and  without  it,  at  the  dis- 
tance of  the  roller's  semidiameter;  and  this  curve 
will  be  the  proper  form  for  the  arm  op.  It  is 
evident,  that,  when  this  mode  of  raising  the  pis- 
ton is  adopted,  the  arm  DH  must  be  bent,  as  in 
the  figure,  otherwise  the  extremity />  would  pre- 
vent the  roller  H  from  acting  upon  the  arm  op. 
Plate  IV,  In  Fig,  ^,  we  have  another  method  of  raising 
^^'  '  a  weight  perpendicularly  with  a  uniform  motion. 
Let  AH  be  a  wheel  moved  by  any  power  which 
is  sufficient  to  raise  the  weight  MN  by  its  extre- 
mity O,"from  0  to  <?,  in  the  same  time  that  the 
wheel  moves  round  one-fourth  of  its  circum- 
ference, it  is  required  to  fix  upon  its  rim  a  wing 
OBCDEHy  which  shall  produce  this  effect  with 
an  uniform  effort.  Divide  the  quadrant  OH  into 
any  number  of  equal  parts  Om^  mriy  &c.  the  more 
the  better,  and  oe  in  into  the  same  number  ob^  bcj 
cdy  &c«  and  through  the  points  rrij  77,  />,  H^  draw 
the  indefinite  lines  AB^  AC^  AD^  AE^  and  make 
AB  equal  to  Ab^  AC  to  Ac^  AD  to  Adj  and  AE 
to  Ae;  then,  through  the  points  0,  -B,  C,  D,  £, 
draw  the  curve  OBCDEy  which  is  a  portion  of 
the  spiral  of  Archimedes,  and  will  be  the  proper 
form  for  the  wiper,  or  wing,  OHE. '  It  is  evident, 
that  when  the  point  m  has  arrived  at  0,  the  extre- 
mity of  the  weight  will  have  arrived  at  b;  because 
AB  is  equal  to  Ab;  and,  for  the  same  reason,  when 
the  points  n,  p^  //,  have  successively  arriyed  at  0, 
the  extremity  of  the  weight  will  have  arrived  at  the 
corresponding  points  c,  rf,  e.  The  motion,  there- 
fore, will  be  uniform;  because  the  space  describe 
by  the  weight  is  proportional  to  the  space  describ- 
ed by  the  moving  power,  Ob  being  to  Oc  as  Om 


•  For  a  different  way  c  fforming  this  spiral,  sec  Wolfii 
Opera  Mathematioa,  torn. !,  p.  399, 
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Co  On*  If  it  be  required  to  raise  the  weight 
MN  with  an  accelerated  or  retarded  motion, 
we  have  only  to  divide  the  line  O  e^  according  to 
the  law  of  acceleration  or  retardation,  and  divide 
the  curve  OBCDE  as  before. 

2.  When  the  lever  moves  upon  a  centre,  the  ^1:^  ^^ 
weight  will  rise  in  the  arch  of  a  circle,  and  con-  ni^^  the 
sequently  a  new  form  must  be  given  to  the»r^'* 
wipers  or  wings.    The  celebrated  Depardeux, 
of  the  Academy  of  Sciences  of  Paris,  has  given 
an  ingenious  and  simple  method  of  tracing  me* 
chanically  the  curves  which  are  necessary  for 
this  purpose.     Though  this  method  was  pub* 
lished  about  fifty  years  ago  in  the  Memoirs  of    - 
the  Academy,  it  does  not  seem  to  be  at  all 
known  to  the  mechanics  of  this  country.     We 
shall  therefore  lay  it  before  the  reader  in  as 
abridged  and  simplified  a  form  as  the  nature  of 
the  subject  will  permit.     Let  A  By  Fig.  I,  be  a^*»*«^» 
lever  lying  horizontally,  which  it  is  required  to  *  '* 
raise  uniformly  through  the  arch  B  C  into  the 
position  A  C,  by  means  of  the  wheel  BFHj  fur- 
nished with  the  wing  B  NO  P,  which  acts  upon 
the  extremity  C  of  the  lever ;  and  let  it  be  re- 
quired to  raise  it  through  BC  in.  the  same  time 
that  the  wheel  BFH  moves  through  one  half  of 
its  circumference ;  that  is,  while  the  point  M 
moves  to  -B,  in  the  direction  MFB.    Divide  the 
chdl-d  CB  into  any  number  of  equal  parts,  the 
more  the  better,  in  the  points  1,  2,  S,  and  draw 
the  lines  la  2b  3c  parallel  to  ABj  or  z  hori- 
zontal line  passing  through  the  point  B,  and 
meeting  the  arch   CB  in  the  points  Qj  &,  c. 
Draw  the  lines  CDj  aD,  bD^  cDy  and  jBD, 
cutting  the  circle  BFH  in  the  points  7n,  n,  o,p. 

Having  drawn  the  diameter  B  A/,  divide  the 
semicircle  B  FM  into  as  mgny  equal  parts  as  the 


I 

^ 
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chord  CBy  in  the*  pobits  q^s^Ui  Take  Bm 
and  set  it  from  q  to  r:  Take  B  n  and  set  it  from 
s  to  / .-'  Take  iS  e?  and  set  it  from  u  to  v ;  and 
la^ly,  stt  -ffp  from  *M  to  £.  Through  the 
points  r,  ^,  v,  jB,  draw  the  indefinite  lines  D  Ny 
DO,  DP,  DQ,  and  make  DJV equal  to  Dc; 
DO  equal  to  Db )  DP  equal  to  Da ;  and  D  Q 
equal  to  D  C.  TTien  through  the  points  Q  P, 
0,  iV,  jB,  draw  the  si^ral  jB,  iV,  0,  P,  Q,  which 
will  be  the  proper  form  for  the  wing  of  the 
wheel  when  it  moves  in  the  direction  E  MB. 

That  the  spiral  B  NO  will  raise  the  lever  AC 
with  an  uniform  motion,  by  acting  upon  its  ex- 
trfemity  C,  will  appear  from  the  slightest  atten- 
tion to  the  construction  of  the  figure*  It  is  evi- 
dent, that  when  the  point  q  arrives  at  B,  the 
point  r  will  be  in  m,  because  ^f»  is  equal  to 
q  r,  and  the  point  N  will  be  at  c,  because  D  N 
is  equal  to  Dc;  the  extremity  of  the  lever, 
therefore,  will  be  found  in  the  point  c,  having 
moved  through  B  c.  In  like  manner,  when  the 
•  point  s  has  arrived  at  jB,  the  point  t  will  be  at  77, 
and  the  point  0  in  £,  where  the  extremity  of  the 
lever  will  now  be  found ;  and  so  on  with  the 
rest,  till  the  point  M  has  arrived  at  B:  The 
point  £  will  then  be  in  p,  and  the  point  Q  in 
C ;  so  that  the  lever  will  now  have  the  position 
u4Cj  having  moved  through  the  equal  heights 
Be,  cb,  bttj  aC,^  in  the  same  time  that  the 
power  has  moved  through  the  equal  spaces  q  B, 


'  The  archc8  Be^  ch,  6cc.  are  not  equal ;  but  the  per- 
pendiculars let  fall  from  the  points  r,  a^  b^  &c.  upon  the 
horizontal  lines>  passing  through  a^  b^  &c.  arc  equal,  being 
proportional  to  the  equal  lines  fl;  1,2,  Eucl,  VI,  2.  Had  it 
been  required  to  raise  the  lever  through  equal  arches,  in* 
stead  of  equal  heights,  in  equal  times,  then  the  arch  BC^ 
instead  of  its  chord,  would  have  been  divided  into  equal  parts* 
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$q^  usj  Mu.  The  lever,  therefore,  has  been 
raised  uniformly,  the  ratio  between  the  velocity 
of  the  power,  and  that  of  the  weight,  remaining 
always  the  sam«!. 

If  the  wheel  jD  turns  in  a  contrary  direction, 
according  to  the  letters  MHBy  we  must  divide 
the  semicircle  BtlEMj  into  as  many  equal 
parts  as  the  chord  CBj  viz.  in  the  points  e,  g-,  u 
Then,  having  set  the  arch  B  m  from  e  to  rf,  the 
arch  B  n  from  g  to  jT,  and  the  rest  in  a  similar 
manner,  draw  through  the  points  rf,/.  A,  £,  the 
indefinite  lines  D  ie,  D  5,  I>  T,  Z)  Q,  makeD/2 
equal  to  Dc ;  DS  equal  to  Db  :  DT  equal  to 
Day  and  DQ  equal  to  DC;  and  through  the 
points  -B, Ry Sy  T,  Q,  describe  the  spiral  B RS 
TQ^j  which,  will  be  the  proper  form  for  the 
wing,  when  the  wheel  turns  in  the  direction 
MHB.  For,  when  the  point  e  arrives  at  J5, 
the  point  d  will  be  in  ?n,  and  jR  in  c,  where  the 
extremity  of  the  lever  will  now  be  found,  hav- 
ing moved  through  Bern  the  same  time  that 
the  power,  or  wheel,  has  moved  through  the 
division  eB.  In  the  same  manner  it  may  be 
shewn,  that  the  lever  will  rise  through  the  equal 
heights  cbyba^  aC^m  the  same  time  that  the 
power  moves  through  the  corresponding  spaces 
€gy  gi^  iM.  The  motion  of  the  lever,  therefore, 
and  also  that  of  the  power,  are  always  uniform. 
Of  all  the  positions  that  can  be  given  to  the  point 
By  the  most  disadvantageous  are  those  which  are 
nearest  the  points  f,  H ;  and  the  most  advanta-- 
geous  position  is  when  the  chord  BC  is  vertical, 
and  passes,  when  prolonged,  through  Z),  the 


^  In  the  figure  wc  have  taken  the  point  ^  in  a  disad* 
vantageous  position,  because  the  intersections  are  in  this 
case  most  distinct. 
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centre  of  the  circle.  *  In  this  particular  case  the 
two  curves  have  equal  bases,  though  they  differ 
a  little  in  point  of  curvature.  The  farther  that 
the  centre  A  is  distant,  the  nearer  do  these 
curves  resemble  each  other ;  and  if  it  were  in- 
finitely distant,  they  would  be  exactly  similar, 
and  would  be  the  spirals  of  Archimedes,  as  the 
extremity  C  would,  in  this  case,  rise  perpendicu- 
larly. 

The  intelligent  reader  will  easily  perceive,  that 
4,  6,  or  8  wings  mav  be  placed  upon  the  cir- 
cumferehce  of  the  circle,  and  may  be  formed 
by  dividing  into  the  same  number  of  equal  parts 
as  the  chord  BC^  7, 7,  or  j-,  of  the  circumference, 
instead  of  the  semicircle  B  FM. 

That  th^  wing  BNO  may  not  act  upon  any 
part  of  the  lever  between  A  and  C,  the  arm  A  C 
should  be  bent ;  and  that  the  friction  may  be  di- 
minished as  much  as  possible,  a  roller  should  be 
fixed  upon  its  extremity  C.  When  a  roller  is 
used,  however,  a  curve  must  always  be  drawn 
parallel  to  the  spiral  described  according  to  the 
preceding  method,  the  distance  between  it  and 
the  spiral  being  everywhere  equal  to  the  radius 
of  the  roller. 
Miiukcof  When  two  or  more  wings  are  placed  upon 
^^"^  the  circumference  of  the  wheel,  it  has  been  the 
fubject.  custom  of  practical  mechanics  to  make  them  por- 
tions of  an  ellipse  whose  semi-transverse  axis  is 
equal  to  Q^Dy  the  greatest  distance  of  the  curve 
from  the  centre  of  the  circle.  But  it  will  ap- 
pear, from  a  comparison  of  an  elliptical  arch 
with  the  spiral  N^  that  it  will  not  produce  an 
uniform  motion. — If  it  should  be*  required  to 
raise  the  lever  with  an  accelerated  or  retarded 
motion,  we  have  only  to  divide  the  chord  B  C, 
according  to  the  degree  of  retardation  or  acce.- 
lor^tion  required,  and  the  circle  into  the  sam^ 
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number  of  equal  parts  as  before,  and  then  de- 
scribe the  curve  by  the  method  already  illus- 
trated. 

As  it  IS  frequently  more  convenient  to  raise 
or  depress  weights  by  the  extremity  of  a  con- 
stant radius,  furnished  with  a  roller,  instead  of 
wings  fixed  upon  the  periphery  of  a  wheel ;  we 
shall  now  proceed  to  determine  the  curve  which 
must  be  given  to  the  arm  of  the  lever,  which  is 
to  be  raised  or  depressed,  in  order  thaCsthis  ele- 
vation or  depression  may  be  effected  with  an 
uniform  motion.  Pkte  v. 

Let  ^  -B  be  a  lever,  which  it  is  required  to  ^^  *• 
raise  imiformly  through  the  arch  B  C,  into  the 
position  jiCj  by  means  of  the  arm  or  constant 
radius  DjS,  moving  upon  Z)  as  a  centre,  in  the 
same  time  that  the  extremity  E  describes  the 
arch  EeF.  From  the  point  C  draw  CH  zt  right 
angles  to  j4  j5,  and  divide  it  into  any  number  of 
equal  parts,  suppose  three,  in  the  points  1,2; 
and  through  the  points  1,  2,  draw  la,  26,  paral- 
lel to  the  horizontal  line  A  JS,  cutting  the  arch 
C^  in  the  points  a,  6,  through  which  draw  a^, 
bji.  Upon  Z)  as  a  centre,  with  the  distance 
DEy  describe  the  arch  EieF;  and  upon  ji  as 
a  centre,  with  the  distance  -//Z),  describe  the 
arch  eODj  cutting  the  arch  EieF  in  the  point 
e.  Divide  the  arches  E  i  e^  and  Fs  e,  each  into 
the  same  number  of  equal  parts  as  the  perpendi- 
cular c  ZT,  in  the  points  A,  /,  Sj  m^  and  through 
these  points,  about  the  centre  Ay  describe  the 
arches  h  z,  igy  q  r,  m  n.  Take  zx  and  set  it  from 
h  to  /,  and  take  gfy  and  set  it  from  i  to  k. 
Take  r  q  also,  and  set  it  from  s  to  /,  and  set  n  m 
from  0  to  /),  and  d  c  from  e  to  0,  1  ben  through 
the  points  £,  /,  A,  0,  and  0,  ty  py  F,  draw  the 
two  curves  ElhOy  and  OtpFy  which  will  bo 
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the  proper  form  that  must  be  given  to  the  arm 

of  the  lever.     If  the  handle  D  E  moves  from  E 

I  towards  F^  the  curve  E  0  must  be  used,  but  if 

I  in  the  contrary  direction,  we  must  employ  the 

;  curve  OF. 

\  It  is  evident,  that  when  the  extremity  E  of 

I  the  handle  D  £,  has  run  through  the  arch  E  k, 

i  or  rather  £/,  the  point  /  will  be  in  A,  and  the 

j  point  z  in  x^  because  jr  z  is  equal  to  k  /,  and  the 

i  lever  wilHiave  the  position  Jib.     For  the  same 

1  reason,  when  the  extremity  E  of  the  handle  has 

arrived  at  f,  the  point  h  will  be  in  t,  and  the 

point  g  in  f^  and  the  lever  will  be  raised  to  the 

I  position  ji  cu     Thus  it  appears,  that  the  motion 

of  the  power  and  the  weight  are  always  propor- 
tional.  When  a  roller  is  fixed  at  E^  a  curve  paral- 
.    lei  to  EO^  or  OF^  must  be  drawn  as  formerly. 
It  is  upon  these  principles  that  the   detent 
levers  of  clocks,  and  those  connected  with  the 
.  striking  part,  should  be  formed.     In  every  ma- 

I  chine,  indeed,  where  weights  are  to  be  raised  or 

depressed,  either  by  variable  or  constant  levers, 
its  performance  depends  much  on  the  proper 
form  of  the  communicating  parts, — 

Form  of         3^  Hitherto  we  have  supposed,  that  the  wheel 
when  they  which  carries  the  wipers,  or  wings,  moves  in  the 
"»^«  >na  same  plane  with  the  lever  or  weight  to  be  raised, 
right^angics  Circumstauces,  however,  often  occur  which  ren- 
te the  lever  der  it  ncccssary  to  elevate  the  lever  by  means  of 
**  * '^    'a  wheel  moving  at  right  angles  to  the  plane  in 
which  the  lever  moves ;  and  when  this  method 
is  adopted,  a  different  form  must  be  given  to  the 
wipers.     As  no  writer  on  mechanics,  so  far  as  I 
know,  has  treated  this  subject,  it  becomes  the 
more  necessary  to  supply  the  defect,  by  a  few 
observations. 


\ 
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Let  ABCy  Fig.  3,  be  the  lever  whichP?»t«v. 
is  to  be  raised  round  the  axis  AB^  by  the^'^'^* 
action  of  the  i^ing  mn  of  the  wheel  Z>,  upon 
the  roller  C,  fixed  at  the  extremity  of  the  lever ; 
— ^it  is  •  required  to  find  the  form  which  must 
be  given  to  the  wiper  mn.  It  is  evident,  from 
Fig.  4,  where  CB  is  a  section  of  the  lever  and  Fig.  4. 
roller,  and  BA  the  arch  through  which  it  is  to 
be  raised,  that  the  breadth  of  the  wiper  must 
always  be  equal  to  mw,  or  rfi,  the  versed  sine  of 
the  arch  B/ij  through  which  the  roller  moves^ 
so  that  the  extremity  n  of  the  wiper  may  act 
upon  the  roller  B  at  the  commencement  of  the 
motion,  and  that  the  other  extremity  m  may  act 
upon  the  roller  A^  when  the  lever  arrives  at  the 
required  position  CA.  It  is  easy  to  perceive,  how- 
ever, that,  if  the  acting  surface  mn  of  the  wiper 
is  always  parallel  to  the  horizon,  or  perpendicu- 
lar tothe  radii  of  the  wheel  /),  or  the  plane  in 
which  it  moves,  it  will  act  disadvantageously^ 
except  at  the  commencement  of  the  motion, 
when  mn  is  parallel  to  CB.  For,  when  mn  has 
arrived  at  the  position  op,  the  extremity  o  will 
act  upon  the  roller  A^  but  in  such  an  oblique  and 
disadvantageous  manner,  that  it  will  scarcely 
have  any  power  to  turn  it  upon  its  axis,  or  move 
the  lever  round  the  fulcrum  C.  The  jFriction  of 
the  roller  upon  its  axis,  therefore,  will  increase, 
and  the  power  of  the  wiper  to  turn  the  lever  will 
diminish,  in  proportion  to  the  length  of  the  arch 
BA;  and  if  CA  arrives  at  a  vertical  position,  the 
power  of  the  wiper  will  be  solely  employed  in 
wrenching  the  lever  from  its  fulcrum. 

In  order  to  avoid  this  inconvenience,  we  must 
endeavoiur  to  give  such  a  form  to  the  wiper, 
that  its  acting  surface  may  always  be  parallel 
to  the  lever,  or  axis  of  the  roller,  having  the 
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^  pofiition  mn  when  the  roller  is  at  Bj  and  the  po« 
sition  ob  when  the  roller  is  at  A. 

Having  stated  the  peculiarities  of  this  con« 
struction,  let  us  now  attend  to  the  method  by 
which  the  acting  surface  of  the  wiper  must 
be  formed.  Since  the  lever  CB  is  to  be  raised 
perpendicularly  through  the  equal  spaces  rc^  ca, 
aA  in  equal  times,  the  acting  surface  of  the 
wiper  must  evidently  be  part  of  the  spiral  of 
Archimedes,^  the  method  of  describing  which 
is  shewn,  in  Fig.  6  of  Plate  IV;  but  the 
difficulty  lies  in  giving  diflferent  degrees  of  in- 
clination to  the  acting  surface,  in  order  that  the 
part  in  contact  with  the  roller  may  be  parallel 
Plate  V,  to  the  direction  of  the  lever.  Let  AD^  Fig.  6,  be 
rjf.4  &  6.^g  wheel,  which  is  to  be  furnished  with  wings, 
and  let  Cb  the  perpendicular  height,  through 
which  the  lever  is  to  rise,  be  equal  to  Ar^  in 
Fig.  4.  Divide  the  quadrant  Db  into  any 
number  of  equal  parts,  the  more  the  better, 
suppose  three,  in  the  points  c  and  r,  and  de- 
scribe the  spiral  of  Archimedes  DinC^  as 
formerly  directed.  Divide  Ar  (Fig.  4)  the 
sine  of  the  arch  BAy  into  the  same  number  of 
equal  parts,  in  the  points  c,  a ;  and  draw  ctfy  eg 
parallel  to  CB^  and  cutting  the  circle  in  the  points 
dj  e,  and  the  tangent  Bb  in  the  points/^  g;  and 
through  the  points  C  and  d  draw  Cki.  The  line 
df  is  equal  to  the  difference  between  radius  and 
the  cosme  of  the  arch  dB;  fi  is  equal  to  the 
difference  between  the  tangent  and  the  sine  of 
the  same  arch ;  iB  being  the  tangent,  and  fB 
equal  to  the  sine  of  the  arch  c/JS,  or  angle  dcB ; 
ad  is  equal  to  qf-^f^  or  to  the  difference  be- 


^  Sec  page  246. 
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tween  df2nd  the  versed  sine  of  the  whole  zrchAB; 

.     ,  \  1     fixduy  -  ^  , 

and  ^2  A  IS  equal  to — -tt"  tor  an  account  of  the 

similar  triangles  dJijdakyWe  have  df:fi:z:da:ak*'j 

fixd  a 
and  consequently  akzz    ^r  '• 

Since  then  the  points  r,  r,  a,  -^  (in  Fig.  4) 
correspond  respectively  with  the  points  D,  i,  n,  C 
of  the  spiral,  in  Fig.  6,  take  fi  and  set  it  from  n 
to  m,  and  ak  from  n  to  o ;  take  also  ghj  and  set 
it  from  i  to  A  (Fig.  6)  set  cq  from  i  to  A,  and 
make  cjB,  in  Kg.  6,  equal  to  J&6,  in  Fig.  4,  or 
the  difference  between  the  tangent  and  sine  of 
the  arch  AB^  and  through  the  points  Z),  h, 
Oy  C,  and  D,  A,  tw,  -ff,  draw  the  xurves  DoCj 
Dm£j  which  will  be  the  proper  form  for  the 
sides  Oj/V,  MP  of  the  spiral  wiper  MONP 
(Fig.  5),  the  acting  surface  MONP  must  thenPi*tcv, 
be  wrought  in  such  a  manner  as  to  consist  of  ^*  ^' 
a  variety  of  planes,  differently  inclined  to.  the  plane 
jSOiVof  the  wiper,  the  angle  of  inclination  being 
a  right  angle  at  0  and  JVf,  but  increasing  gradually 
till  the  inclination  at  NP  becomes  equal  to 
the  angle  Z)CJS,  or  ACB^  in  Fig.  4.*  From 
the  construction  of  Fig.  4,  it  is  evident,  that  the 
arches  Be,  edj  dA  are  not  equal,  nor  are  they 
aliquot  parts  oi  AB.  But  since  the  arch  AB^ 
and  its  sine  Ar  are  known,  and  since  the  sines 
of  the  other  arches  are  known,  viz.  bcy  ba,  the 
arches  themselves  may  be  easily  found  by  a  table 
of  natural  sines. 


*  The  lines  t^f  fu  ^d,  ait  inay  also  be  found  mecham- 
cally,  by  making  AC  equal  to  the  real  length  of  the  lever. 

^  The  curves*  which  must  be  employed  in  practicey 
should  be  curves  drawn  parallel  to  those  formed  by  the 
preceding  methodf  at  the  distance  of  the  semidiameter  of 
the  roller. 
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%•  S'  In  Fig.  5,  we  hare  a  perspective  view  of  a  wheet^ 
furnished  with  two  wipers,  formed  according  to 
the  preceding  directions.  FC  and  LN  corre- 
spond with  £Cand  r-^,  in  Fig.  6  and  4.  The  curves 
AnmCj  and  OiV"  correspond  with  DhoC^  in  Fig.  6, 
and  MP  with  DhmBi  The  diagonal  curve  MN 
corresponds  with  the  diagonal  curve  Din  C^  and 
OMj  the  breadth  of  the  wiper  with  i»w,  or 
rBj  the  versed  sine  of  the  arch  AB^  in  Fig.  4. 
The  breadth  OMy  however,  should  always  be  a 
Kttle  greater  than  the  versed  sine  of  the  arch 
through  which  the  lever  is  to  be  raised,  since 
MN  IS  the  path  of  the  roller  over  the  wiper's 
surface. 

Having  thus  described  the  different  methods 
of  raising  weights,  whether  perpendicularly,  or 
round  a  centre,  with  an  uniform  velocity  and 
force,   it  would   be    unnecessary  to    apply  the 
principles  of  construction  to  those  machines  which 
are  formed  for  the  elevation  of  weights.     I'he 
practical  mechanic  can  easily  do  this  for  himself. 
There  is  one  case,  however,  which  deserves  pe- 
culiar attention,  because  the  wipers,  formed  ac- 
cording to  the  preceding  rules,  will  not  produce 
the  intended  effect.    This  happens  in  the  case  of 
the  large  sledge  hammer  which  is  employed  in 
pkte  V,    forges.   In  Fig.  7,  -SC  is  the  large  hammer  mov- 
Kg.  7«      ed  round  ^  as  a  centre,  by  means  of  the  wiper 
wi""  ^or  ^^  acting  upon  its  extremity  ^C,  or  upon  the 
ramD|      roUcr  R.    The  hammer  must  be  tossed  up  with 
fn^  bam-  ^  sudden  motion,   so   as  to   strike  the   elastic 
oaken  spring  £,  which,  being  compressed,  drives 
back  the  hammer,   with  great  force,  upon  the 
anvil  D.     Now,   if  spiral  wipers,   constructed 
according  to  the  directions  already  given,  are 
employed,    the  hammer  will  indeed  be  raised 
equably  without  the  least  jolting,  but  it  will  rise  no 
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higher  than  the  wiper  lifts  it,  and  will,  therefore, 
fell  merely  with  its  own  weight.  But,  if  the  wi- 
pers are  constructed  in  the  common  way,  and  the 
hammer  elevated  with  a  motion  greatly  accelerat- 
ed, it  will  rise  much  higher  than  the  wiper  lifts 
it, — it  will  impinge  against  the  oaken  beam  £, 
and  be  repelled  with  great  effect  against  the  iron 
on  the  anvil  D.  In  any  of  the  preceding  con- 
structions, this  accelerated  motion  may  be  pro- 
duced, merely  by  dividing  ^C  according  to  thePitte  v, 
law  of  acceleration,  and  proceeding  as  already  ^'* '  *  *• 
directed* 
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ON  THE  NATURE  AND  CONSTRUCTION  OF  WIND- 

MILLS. 


Description  of  a  IVind-mill. 

bm»p-  X  HE  limited  and  imperfect  maimer  in  which 
^^^^^  Mr.  Ferguson  has  treated  of  wind-mills,  in  the 
preceding  volume,  renders  it  necessary  that  the 
subject  should  now  be  prosecuted  at  greater 
length.  The  few  observations  which  he  has  made, 
upon  these  machines,  presuppose  that  the  reader 
18  acquainted  with  their  nature  and  construction; 
a  species  of  knowledge  which  is  not  to  be  ex- 
pected in  the  readers  or  a  popular  and  elementary 
work.  For  the  purpose  of  supplying  this  defect, 
and  enabling  the  reader  to  understand  the  ob- 
servations, which  may  be  made  on  the  form  and 
position  of  the  sails,  and  on  the  relative  advan- 
tages of  hori^nal  and  vertical  wind-mills,  we 
shall  give  a  description  of  a  wind-mill,  invented 
by  Mr.  James  Verrier,  containing  several  im- 
provements on  the  common  construction,   for 
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wluch  the  author  was  liberally  rewiarded  by  *the 
Soqpty  of  Arts. 

TTiis  machine  is  represented  in  Kg.  1,  where  ^'•^vi, 
AAA  are  the  three  principal  posts,  2*7  feet  7-^  *^*  '* 
inches  long,  22  inches  broad  at  their  lower  ex-^ 
tremides,  1 8  inches  at  their  upper  ends,  tod  1 7 
inches  thick.  The  column  jB  is  12  feet  2-  inches 
long,  1 9  inches  in  diameter  at  its  lower  extremity, 
and  16  inches  at  its  upper  end ;  it  is  fixed  in  the 
centre  of  the  mill,  passes  through  the  first  floor 
£,  having  its  upper  extremity  secured  by  the  bars 
GG.  EEE  are  the  girders  of  the  first  floor,  one 
of  which  only  is  seen,  being  8  feet  3  inches  long, 
1 1  inches  broad,  and  9  thick ;  they  are  mortised 
into  the  posts  AA/i  and  the  colunm  B^  and  are 
about  8  feet  3  inches  distant  from  the  ground 
floor.  DDD  are  three  posts  6  feet  4  inches 
long,  9  inches  broad,  and  6  inches  thick ;  they 
are  mortised  into  the  girders  EF  of  the  first  and 
second  floor,  at  the  distance  of  2  feet  4  inches 
from  the  posts  A^  &c.  FFF  are  the  girders 
of  the  second  floor,  0  feet  long,  11  inches 
broad,  and  9  thick ;  they  are  mordsed  into  the 
posts  Aj  &c.  and  rest  upon  the  upper  extre- 
mides  of  the  posts  D,  &c.  The  three  bars 
GGG  are  3  feet  I-  inches  long,  7  inches  broad, 
and  3  thick ;  they  are  mordsed  into  the  posts  D 
and  the  upper  end  of  the  column  j8,  4  feet  3 
inches  above  the  floor.  P  is  one  of  the  beams 
which  support  the  extremides  of  the  bray-trees, 
or  brayers;  its  length  is  2  feet  4  inches,  its 
breadth  8  inches,  and  its  thickness  0  inches.  / 
is  one  of  the  bray-trees,  into  which  the  extremity 
of  one  of  the  bridge-trees  K  is  mortised.  Each 
bray-tree  is  4  feet  g^  inches  long,  97  inches 
broad,  and  7  thick ;  and>^ch  bridge-tree  is  4 
feet  6  inches  long,  9  inches  broad,  and  7  thick, 
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being  furnished  with  a  piece  of  brass  on  dieir 
upper  surface  to  receive  the  under  pivot  of  the 
millatones.  LL  are  two  iron  screw-bolts, 
which  jraiae  or  depress  the  ex  remities  of  the 
bray-trees.  MMM  are  the  three  millstooss, 
and  NNN  the  iron  spindles,  or  arbors,  pn  which 
die  turning  millstones  are  fixed.  0  is  one  of 
three  wheds,  or  trundles,  which  are  fixed  on  the 
upper  ends  of  the  spindles  NNN;  they  are  1 6 
iiidhes  in  diameter,  and  each  is  furnished  with 
iA  fitavfes.  /  is  one  of  the  carriage*rails,  on 
iiriuch  the  upper  pivot  of  the  spindle  turns,  and 
is  A  feet  2  inches  long,  7  inches  broad,  and  4 
tUck.  it  turns  on  an  iron  bolt  at  one  end,  and 
the  other  end  slides  in  a  bradcet  fixed  to  one  of 
die  joists,  and  forms  a  mortise,  in  which  a  wedge 
IS  driven  to  set  the  raH  and  trundle  in  or  out  of 
yicak ;  /  is  (the  horizontal  spur-wheel  that  impels 
die  trundles ;  it  is  5  feet  6  inches  diameter,  is 
fixed  to  the  perpendicular  shaft  T,  and  is  Air- 
nished  with  42  teeth.  The  perpendicular  shaft 
ST  is  9  feet  1  inch  long,  and  14  inches  in  dia- 
meter, having  an  iron  spin^  at  each  of  its 
extremities ;  the  under  spindle  turns  in  a  brass 
block  ^ed  into  the  higha:  end  of  the  column 
JS ;  and  the  upper  spindle  moves  in  a  brass  plate 
inserted  into  the  lower  smrface  of  the  camage- 

The  spuJr-4vheel  r  is  fixed  on  the  upper  end  of 
die  shaft  J,  and  is  turned  by  the  crown.- 
whedi  V  on  die  windshaft  c,  it  is  3  feet  2  inches 
in  diameter,  and  is  furnished  widi  15  cogs. 
The  carriagerrail  C,  which  is  fixed  on  the  aiidxig 
kerb  Z,  is  17  fi9et  2  inches  long,  1  foot  broad, 
and  9  mches  thick.  YYQ  is  the  Axed  kerb, 
17  feet  d  inches  diameter,  14  inches  broad,  and 
JO  thick,  and  is  mordsed  intp  tbe  posts  AAA^ 
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and  fastened  with  screw-bolts.  The'sfidinf^p  kerb 
Z  is  of  the  same  diameter  and  breadth  as  &e  fix- 
ed kerb,  but  its  thickness  is  only  74-  inebes  ^  it 
revolves  on  1 2  friction  rollers  fixed  on  tiie  upper 
sur^e  of  the  kerb  YTQ;,  and  has  4  iron  half 
staples  Tj  Yy  *&c.  fastened  on  its  outer  edge^ 
whose  perpendicular  arms  are  10  inches  long, 
2  inches 'broad,  and  1  mch  thick,  and  embrace 
the  outer  edge  of  the  fixed  kerb  to  prevent  the 
sliding  one  trom  being  blown  off.  The  cap* 
sills  Xf  I^j  dare  13  feet  9  inches  long,  14  inches 
broad,  and  1  foot  thitk ;  they  are  fixed  at  eaehr 
end,  with  strong  iron  screw  bolts,  to  the  sUcfing 
kerb,  and  to  the  carriage-rail  C.  On  the  right 
hand  of  ic^  is  seen  the  extremity  of  a  cross 


which  is  fixed  into  the  capsills  X  and  /^  by* 
strong  iron  bolts :  e  is  a  bracket  5  fieet  long,  la 
inches  broad,  and  10  inches  thick ;  it  is  bushecV 
with  a  strong  brass  coUar,  in  which  the  inferior 
spindle  of  the  windshaft  turns,  2nd  is  fbeed  to 
the  cross  rail  wi  b  is  another  bracket  7  feet  long, 
4  feet  broad,  auid  10  inches  thick;  it  is  fixed! 
into  the  fore  ends  of  the  capsills,  and,  in  order 
to  embrace  the  collar  of  the  windshaft,  it  is  di- 
vided into  two  parts,  which  are  fixed  togethet 
with  screw  bolts.  The  windshaft  c  is  15  feet 
long,  2  feet  in  diameter  at  the  fere  end,  and  IB 
inches  at  the  other ;  its. pivot  at  the  back  end  is* 
6  inches  diameter,  and  the  shaft  is  perforated  to 
admit  an  iron  rod  to  pass  easily  tiirough  it.  The 
vertical'  crown  wheel  t;  is  6  feet  in  diameter,  amV  . 
is  furnished  with  54  cogs,  which  drive  the  spur 
wheel  r.  The  bolsteit  </,.  which  is  6  feet  3  incheif 
longy  13  inches  broad,  and  half  a  foot  thick,  i^ 
fastened  into  the  cross  rail  Wj.  directly  undbr  the 
centre  of  the  windshaft,.  having  a  brass  pulley 
fi^ed  at  its  fore  end.     On  the  upper,  surrace  of 
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this  bolster  is  a  groove,  in  which  the  sliding  bolt 
R  moves,  havine  a  brass  stud  at  its  fore  end. 
This  slicUng  bolt  is  not  distinctly  seen  in  the 
figure,  but  the  round  top  of  the  brass  stud  is  vi- 
s£le  below  the  letter  h :  the  iron  rod  that  passes 
through  the  viondshaft  bears  against  this  brass 
stud.  The  sliding  bolt  is  4  feet  9  inches  long, 
9  inches  broad,  and  f  of  a  foot  thick. '  At  its 
lore  end  is  Ifixed  a  line,  which  passes  over  the 
brass  pulley  in  the  bolster,  and  appears  at  a  with 
a  weight  attached  to  its  extremity,  suiEcient  to 
make  the  sails  face  the  wind  that  is  strong  enough 
ibr  the  number  of  stones  employed ;  and  when 
the  pressure  of  the  wind  is  more  than  sufficient, 
the  sails  turn  on  an  edge,  and  press  back  the 
sliding  bolt,  which  prevents  them  from  moving 
with  too  great  velocity ;•  and,  as  soon  as  the  wind 
abates,  the  sails,  by  the  weight  a,  are  pressed  up 
to  the  vidnd,  till  its  force  is  sufficient  to  give  the 
mill  a  proper  degree  of  velocity.  By  this  appa- 
ratus, the  wind  is  regulated  and  justly  propor- 
tioned  to  the  resistance  or  work  to  be  performed ; 
an  uniformity  of  motion  is  also  obtained^  and  the 
mill  is  less  liable  to  be  destroyed  by  the  rapidity 
of  its  motion. 

That  the  reader  may  understand  how  these 
effects  are  produced,  we  have  represented,  in 
Plate  VI,  Fig.  2,  the  iron  rod,  and  the  arms  which  bear 
^'S-*-       against  the  vanes }    ak  is  the  iron  rod  which 
^^^^^^  passes  through  the  windshaft  c,  in  Fig.  1 ;  A  is 
•Ddir^the  the  extremity,  which  moves  in  the  brass  stud  that 
lait'inciiii-is  fixed  upon  the  sliding'  bolt}  at,  ai,  &c.  are 
^^^       the  cross  arms,  at  right  angles  to  ahj  whose  ex- 
tremities t,  I,  similarly  marked  in  Fig.  1,  bear 
upon  the  edges  of  the  vanes.    The  arms  ai  are 
67  feet  long,  reckoning  from  the  centre  a,  1  foot 
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broad  at  the  centre,  and  5  inches  thick;  the 
arms  n,  n,  &c.  that  carry  the  vanes  or  sails,  are 
1 8  j-  feet  long,  their  greatest  breadth  is  1  foot, 
and  their  thidbiess  9  inches,  gradually  diminish- 
ing to  their  extremities,  where  they  are  only  3 
inches  in  diameter.  The  four  cardmal  sails,  m^ 
mj  m^  nij  are  each  IS  feet  long,  8  feet  broad  at 
their  outer  ends,  and  S  feet  at  their  lower  ex- 
tremities ;  p,  p,  &c.  are  the  four  assistant  sails, 
which  have  the  same  dimensions  as  the  cardinal 
ones,  to  which  they  are  joined  by  the  line  SSSS.  ^ 
The  angle  of  the  sail's  inclination,  when  first  op- 
posed to  the  wind,  is  45  degrees,  and  regularly 
the  same  from  end  to  end* 

It  is  evident,  from  the  preceding  description 
of  this  machine,  that  the  windshaft  c  moves  along 
with  the  sails;  the  vertical  crown  wheel  v 
impels  the  spur  wheel  r,  fixed  upon  the  axis 
ST,  which  carries  also  the  spur  wheel  t.  This 
wheel  drives  the  three  trundles  Hy  one  of 
which  only  is  seen  in  the  figure,  which  being 
fixed  upon  the  spindles  N,  &c.  commimicate 
motion  to  the  turning  mill-stones. 

That  the  wind   may  act  with  the   greatest  Method  of 
efficacy  upon  the  sails,  the  windshaft  or  principal  ^J^^f^ 
axis  must  always  have  the  same   direction  as  wind, 
the  wind.     But  as  this  direction  is  perpetually 
changing,    some    apparatus    is    necessary   for 
bringing  the  windshaft  and  sails  into  their  pro- 
per position.     This  is  sometimes   eflPeQted  by 
supporting  the  machinery  on  a  strong  vertical 
axis,  whose  pivot  moves  in  a  bvass  socket  firmly  • 
fixed  into  the  groimd,  so  that  the  whole  ma- 
chine, by  means  of  a  lever,    may  be  made  to 
revolve  upon  this  axis,  and  be  properly  adjusted 
to  the  direction  of  the  wind.    Most  mnd-mills. 
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bowever^  a^e  furnished  with  a  moToable  roof, 
which  revolves  upcHi  friction  rollers  inserted  in 
the  iixed  kierb  of  die  miU ;  wd  the  adjustment 
is  effected  by  the  assistance  of  a  simple  lever* 
As  both  these  me^UDds  of  adjiieting  the  wind-shaft 
require  the  assistawe  of  men,  it  would  be  very 
desirable  tli^at  the  same  effect  could  be  produced 
solely  by  the  acti^m  of  the  wind.  This  may  be 
done,  by  fixing  a  lai^e  wooden  vai^,  or  wea- 
ther-cock, at  the  extremity  of  a  long  horizontal 
arm,  which  lies  in  the  same  vertical  plane  with 
the  windsbaft.  By  this  means,  when  the  surface 
of  the  vane,  and  its  distance  from  the  centre  of 
modon  are  sufficiently  great,  a  very  gentle 
breeze  wiU  exert  a  sufficient  force  upon  the  vane 
to  turn  the  machinery,  and  will  always  bring 
the  sails  and  windshaft  to  their  proper  posi- 
tkm^  This  weathercock,  it  is  evident,  may  be 
appKed,  either  to  machines  which  have  a 
mpveable  roof,  or  which  revolve  upon  a  vertical 
arbor, 
wiod-miiit  PrioT  to  the  Freucli  revoludon,  wind-mills 
?"^"^^were  more  numerous  in  Hollaml  and  the 
Netherlands  than  in  any  other  part  of  the  world, 
and  there  they  seem  to  have  been  brought  to 
a  very  high  state  of  perfection.  This  is  evident, 
not!  only  from  the  experiments  of  Mr.  Snreaton, 
from  which  it  appears,  that  sails  weathered  in 
the  Dutch  manner  produced  nearly  a  maximum 
effect,  but  also  from  the  observations  of  the 
celebrated  Coulomb.  This  philosopher  exa- 
mined above  50« wind-mills  in  the  neighbour- 
hood of  Lisle,  and  found  that  each  of  them 
performed  nearly  the  same  quantity  of  work 
when  the  wind  moved  with  the  velocity  of  1 8  or 
20  feet  per  second,  though  there  were  some 
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trifling  differences  in  the  inclination  of  their 
>vindahafts,  and  in  the  disposition  of  their  sails. 
From  this  fact.  Coulomb  justly  concluded, 
that  the  parts  of  the  machine  must  have  been 
so  di§{)osed  as  to  produce  nearly  a  maximum  ef- 
fect. 

In  the  wind-mills,  on  which  Coulomb^s  ex- Form  of 
periments  were  made,  the  distance,  from  the  ^jJJ^I^j^jj. 
extremity  of  each  sail  to  the  centre  of  the  wind-  according 
shaft,  or  principal  axis,  was  33  feet.  The  sails  J|^°^' 
were  rectangular,  and  their  width  was  a  little 
more  than  6  feet,  S  of  which  were  formed  with 
cloth  stretched  upon  a  frame,  and  the  remaining 
foot  consisted  of  a  very  light  board.  The  line, 
which  joined  the  board  2uad  the  cloth,  formed, 
on  the  side  whick  faced  the  wind,  an  angle 
sensibly  concave  at  the  commencement  of  the 
sail:,  which  diminished  gradually  till  it  vanished 
at  its  extremity.  Though  the  surface  of  the 
cloth  was  curved,  it  may  be  regarded  as  com- 
posed of  right  lines  perpendicular  to  the  arm,  or 
whip,  which  carries  the  frame,  the  extremities  of 
these  lines  coiTcsponding  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the 
board.  Upon  this  supposition  these  right  lines 
at  the  commencement  of  the  sail,  which  was  dis- 
tant  about  6  feet  from  the  centre  of  the  wind- 
shaft,  formed  an  aiigle  of  60""  with  the  axis, 
or  windshaft,  and  the  lines,  at  the  extre-i 
mity  of  the  wing,  formed  an  angle,  increasing 
from  78  to  84°,  according  as  the  inclina- 
tion of  the  axis  of  rotation  to  the  horizon  in- 
creased from  8  to  15** ;  or,  in  other  words, 
the  greatest  angle  .of  weather  was  30% 
and  the  least  varied  from  12  to  6°,  as  the 
inclination  of  the  windshaft  varied  from  8  to 
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15^.'  A  pretty  distmct  idea  of  the  surface 
of  wind-mill  sail$  may  be  conveyed^  by  conceiv- 
ing a  number  of  triahdes  standing  perpendicular 
to  the  horizon,  in  which  the  angle  contained  be- 
tween the  hypothenuse  and  th^^  base  is  constantly 
diminishing:  the  hypothenis.-  of  each  triangle 
will  then  be  in  the  superii'.  ics  of  the  vane,  and 
they  would  form  that  superficies  if  their  number 
were  infinite. 


On  the  Form  and  Position  of  fVind-mill  Sails. 

Form  tod       M.  Parent  seems  to  have  been  the  first  mathe- 
pondonof  matidan  who  considered  the   subject  of  wind- 
^  ""^^    mill  sails  in  a  scientific  manner.     The  philoso- 
phers of  his  time  entertained   such  erroneous 
opinions  upon  this  point,  as  to  suppose  that  the 
surface  of  the  sails  should  be  equally  inclined  to 
the  direction  of  the  wind  and  to  the  plane  of  their 
motion;   or,  what  is  the  same  thing,   that  the 
angle    of   weather  should  be  43^.*      But    it 
appears,  from  the  investigations  of  Parent,  that 
a  maximum  eflfect  will  be  produced  when  the 
sails  ^  are   inclined  54y  °    to  the  axis  of  rota- 
tion,   or    when    the    angle    of    weather    is 
Th«  bell,  ssj-  ®.     In  obtaining  this  conclusion,  however, 
^^  ^  M.  Parent  has  assumed  data  which  are  inadmis- 
Parentov  sible,   and  has  neglected  several  circumstances 
roneout.     ^hich  jnygj  materially  affect  the  result  of  his  in- 


'  The  weaiher  of  the  sails  is  the  angle  which  the  surface 
of  the  sails  forms  with  the  planp  of  their  motion^  and  is  al- 
ways equal  to  the  complement  of  the  angle  which  that 
surface  forms  wit£  the  axis. 

^  Sec  Wolfii  Opera  Mathematica,  tom.  i,  p.  680|  where 
this  angle  is  recommended. 
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vesdgations.  The  angle,  or  inclination,  assigned 
by  Parent,  is  certainly  the  most  efficacious  for 
giving  motioil  to  the  sails  from  a  state  of  rest,' 
and  tor  preventing  them  from  stopping  when  in 
motion;  but  he  has  not  considered  that  the  actbn 
of  the  wind  upon  a  sail  at  rest  is  different  from 
its  action  upon  a  sdl  in  motion :  for  since  the 
extremities  of  the  sails  move  with  greater  rapi- 
dity than  the  parts  nearer  the  centre,  the  angle 
of  weather  should  be  greater  towards  the  centre 
than  at  the  extremity,  and  should  vary  with  the' 
velocity  of  each  part  of  the  sail.*  The  reason  of 
this  is  very  obvious.  It  has  been  demonstrated 
by  Bossut,^  and  sufficiently  established  by  ex* 
perience,  that  when  any  fluid  acts  upon  a 
plain  surface,  the  force  of  impulsion  is  always 
exerted  most  advantageously  when  the  impelled 
surface  is  in  a  state  of  rest,  and  that  this  force 
diminishes  as  the  velocity  of  the  surface  increases. 


'  This  may  be  demonstrated  in  the  following  manner.— 
Let  X  be  the  cosine  of  the  angle  sought ;  then,  since  the  sine, 
cosine,  and  radius  of  any  arch  form  a  right  angled  triangle, 
the  square  of  the  sine  will  be  equal  to  the  square  of  the  co- 
sine subtracted  from  the  square  of  the  radius,  that  is,  i — x* 
will  be  the  square  of  the  sine  when  the  radius  is  unity.  But 
the  effect  of  the  wind,  on  an  oblique  sail,  is»  in  the  com- 
pound ratio  of  the  square  of  the  sine  uf  its  obliquity,  and 
the  breadth  of  the  sail  projected  on  a  pl^ne  perpendicular 
t«  the  direction  of  the  wind.    Now^  this  breadth  is  exactly 

Xf  the  cosine  of  the  saiVs  inclination ;  therefore  x  x  I'— «*>  or 

X — X '  will  represent  the  effectof  the  wind  upon  the  sail.  And, 

as  this  is  to  be  a  mitsimum,  let  us  take  its  juiion,  which  will 

•  *  •  SHI. 

be  X — 3x^x=a  Dividing  by*  wehave  3x^=1, or  *=y'|— 

1  7320506076^^^^^^^'  ^^'^^  "  ^^^  ^^*'"^  ®^^^°  **^'  *^"' 
♦  Sec  vol.  iy  p.  97- 
'  Trsiite  d*Hydrodynamiquc,  S  772. 
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Now,  let  us  suppose,  with  P^ent^  that  the  ntost 
advantageous  angle  of  weather  for  the  saik  oS 
wmd-miUs  is  S3j  degrees  fbr  that  part  of  die 
saiil  which  is  neaitest  the  centre  of  votadon^ 
and  that  the  sail  has  everywhere  this  angle  of 
weather;  then,  since  the  extremity  of  the  sail 
•moves  with  the  greatest  velocity,  it  will,  in  a 
manner,  withdraw  itself  from  the  action  of  the 
wind;  or,  to  speak  more  properly^  it  will  not 
receive  die  impulse  of  the  wind:  so  advantage- 
ously as  those  parts  of  the  sail  which  have 
2  less  velocity.  In  order,  therefore,  to  make 
up  for  this  diminutioB  of  force^  we  must  make 
the  wind  act  more  perpendicularly  upon  the  sail, 
by  diminishing  its  obliquity,  that  is,,  we  must 
increase  its  indination  to  the  atxis  or  the  direction: 
of  the  wind ;  or,  what  is  the  same  thing,,  we 
most  diminish  its  angle  of  weather*  But,  since 
the  velocity  of  every  part  of  the  sail  is  propor- 
tional to  its  distance  from  the  centre  of  motion, 
every  elementary  portion  of  it  must  have  a  differ- 
ent angle  of  weath^  diminishing  from  the  centre 
t!0  the  extremity  of  the  sail.  Tne  law  or  rate  of 
diminution,  however,  is  still  to  be  discovered, 
and  we  are  fortunately  in  possession  of  a  theorem 
xvkr*t  o£  Euler's^  afterwards  ^ven  by  M^Laurin,  which 
•fc«»««-  determines  this  law  of  variation^  ^  Let  a  represent 
the  velocity  of  the  wind,  and  c  the  velocity  of  any 
given  part  of  the  sail,  then  the  effort  of  the  wind' 
upon  that  part  of  the  sail  will  be  greatest  when  the 
tangent  of  the  angle  of  the  wind's  incidence,  or 
of  the  sail's  inclination  to  the  aisis,  is  to  radius 

aSv^2+iif+35tol. 


^  See  Maclaurin*8  Fluxions,  art.  910 — gi4. 
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In  order   to  apply  this    theorem,    let    us 
suppose  that  the  radius   or   whip    ms   of  the^?*^*^'* 
sail  oL^li^  is  divided  into  six  equal  parts,  ^'^^eLIm 
the  point   n  is  equidistant  from  m  mA  s^  andora!^' 
is  the  point  of  the  sail  which  has  the  same»?^f^*«* 
velocity  as  the   wind;    then,   in   the   preced- UMoren. 
ing  theorem,  we  will   have   crza,   when   the 
sail  is  loaded  to  a  maximum ;  and  therefore  the 
tangent  of  the  angle,  which  the  surface  of  the 
sail  at  72  makes  with  the  axis,  when  a=zl  will 

be  v^2+^~5:S.561  =tangent  of  71 ''ip',  which 

gives  15*"  41'  for  the  angle  of  weather  at  the 
point  72.  Since,  at  v  of  the  radius  c^.a^  and 
since  c  is  proportional  to  the  distance  of  the 
corresponding  part  of  the  sail  from  the  centre 

we  will  have,  at  i  of  the  radius  sm^  c=  ,  at  J- 

of  tbje  radius,  c=-^;  at  |,  ^=-|^;  at  \i  ^=yJ 

and  at  the  extremity  of  the  radius,  c:=2a.  By 
substituting  these  different  values  of  c,  instead 
of  c  in  the  theorem,  and  by  making  a=l, 
ibe  foUowing  table  will  be  obtained,  which 
i>pr^iK*<^  the  angles  of  inclination  and  weather 
which  must  be  given  to  different  parts  of  dbe 
sails. 


%■ 

-'T' 
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TMi  shewing  the  rate  ai  wbUl  tie  incBtuUion  varies. 


Pftrtsofthe 

radius  from  the 

centre  of 

motion  at  /. 

Velocity  of  the 
■ail  at  these 

diaUnccA— or 
Talnet  of  e. 

Angle  made 
with  the  ucb. 

Angle  of 
weather^ 

Deg. 

Min. 

Deg.      Min. 

X 

7 

a 
3 

63 

26 

26      34 

2a 
3 

69 

54 

20        6 

iori 

a 

74 

19 

15        4 

iorf 

4a 
3 

77 

20 

12      40 

i      • 

5a 
3 

79 

27 

10      83 

1 

2a 

81 

0 

9        0 

Having  thus  pointed  out  an  important  error 
in  F^enrs  theory,  and  shewn  how  to  find  the 
law  of  variation  in  the  angle  of  weather,  we  have 
further  to  observe,  that,  in  order  to  simplify  the 
calculus.  Parent  supposed  the  velocity  of  the  wind 
to  be  infinite  when  compared  with  the  velocity  of 
the  sail,  and  that  its  impulsion  upon  the  sail  was 
in  the  compound  ratio  of  the  square  of  its  velo- 
city and  the  square  of  the  sine  of  incidence.  The 
first  of  these  suppositions  is  evidently  inaccurate, 
and  was  shewn  to  be  so  by  Daniel  Bemouilli,  in 
his  Hydrodynamique.  With  regard  to  the  force 
of  impulsion  on  the  sails,  the  proposition  is  per- 
fectly true  in  theory,  and  has  been  demonstrated 
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by  Pitot, '  and  other  philosophers ;  but  it  un- 
questionably appears,  from  the  experiments  pre- 
sented to  the  French  Academy,  in  1 763,  by  M. 
le  Chevalier  de  Borda,  and  from  those  made,  in 
1 776,  by  M.  d* Alembert,  the  Marquis  Condor- 
cet,  and  the  Abbe  Bossut,*  that  this  proposition 
does  not  hold  in  practice.  The  first  part  of  the  Force  of 
proposition,  indeed,  that  the  force  of  impulsion  ^^j^^JIJ^ 
is  proportional  to  the  square  of  the  velocity  of  the  surfacM. 
surface  that  it  is  impelled,  is  true  in  practice ;  but, 
when  the  angles  of  incidence  are  small,  the  latter 
part  of  the  propositi6n  must  be  abandoned,  as  it 
would  afford  very  false  results.  In  cases,  how- 
ever, where  the  angles  of  incidence  are  between 
50  and  90  degrees,  we  may  regard  the  impulsion 
as  proportional  to  the  square  of  the  velocity  mul- 
tipUed  by  the  square  of  the  sine  of  inciaence ; 
but  we  must  remember,  that  the  force  thus  de- 
termined by  the  theory  will  be  a  little  less  than 
that  which  would  be  found  by  experiment,  and 
that  the  difference  increases  as  the  angle  of  inci- 
dence recedes  from  90*. 

Such  being  the  circumstances  which  Parent 
has  overlooked  in  his  investigations,  we  need  not 
be  surprised,  to  find,  from  the  experiments  of 
Smeaton,  that  when  the  angle  which  he  recom- 
mends was  adopted,  the  sails  produced  a  smaller 
effect  than  when  they  were  weathered  in  the  com- 
mon manner,  or  according  to  the  Dutch  con- 
struction. ^ 


'  Mem.  de  TAcad.  Paris,  1729,  p.  54a 

*  NouvcUes  Experiences  sur  la  resistance  des  fluides,  par 
M.  M.  d'Alembert,  le  Marquis  de  Condorcet,  et  TAbbe 
Bossut,  chap,  t,  <»  35. 

'  Mons.  Belidor  has  fallen  into  the  same  error  as  Parent^ 
and  observes,  that  the  workmen  at  Paris  make  the  angle  oJF 

weather. 


..  .  •• 
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£nier*8  ob-  The  theory  of  wii^l-iniUs  has  been  treated  at 
ra  ^d°'  S'*^^  length  by  M.  Euler,  the  most  profound  and 
niiii.  celebrated  mathematician'  of  his  time.  He  has 
shewn,  that  the  angle  assigned  by  Parent  is  too 
small  for  a  sail  in  motion,  and  that  the  angle  of 
veatha*  should  vary  with  the  velocity  of  the  <Uf- 
ferent  parts  of  the  sails ;  but,  like  Parent,  he  has 
supposed  that  the  forcer  of  impulsion  upon  sur- 
£u:es,  mth  di£ferent  obliquities,  is  proportional 
to  the  square  of  the  sines  of  their  inclination.  As 
ihe  angles  of  incidence,  however,  are  sufficiendy 
great,  this  circumstance  will  have  but  a  triflkig 
effect  upon  his  candusicms.  After  Euler  has 
shewn,  in  general,  how  to  determine  the  force 
of  impulaon  upon  the  sails,  whatever  be  their 
figure  and  disposition,  and  whatever  be  the  cele- 
rity of  their  motion ;  he  then  investigates,  by  the 
method  de  maximis  et  mimmis,  what  should  be 
the  inclination  of  the  sails  to  the  axis,  and  the 
velocity  of  their  extremities,  in  order  to  produce 
a  maximum  effect ;  and  he  finds,  that  this  incIi-> 
nation  and  velocity  are  variable,  and  are  inversdy 
proportional  to  the  momentum  of  friction  in  the 
machine.  That  the  reader  may  fully  understand 
this  important  result,  we  may  remark,  that,  in 
theory,  the  greatest  dfect  will  be  produced  when 
the  velocity  of  the  sails  is  infinitely  great,  and 
when  their  surfaces  are  perpendicular  to  the 
wind's  direction }  that  is,  when  the  angle  of  wea-- 
ther  is  nothing.  But  both  these  suppositions  are 
excluded  in  practice;  for  though  the  sails  re-> 
ceive  the  greatest  possible  impetus  from  the  wind^ 


weather  18%  and  thereby  lose  ^  of  the  effect;  whereas, 
this  is  nearly  the  most  efficacious  angle  that  can  be  adopt* 
cd.  See  Architecture  HydrauliquCy  par  Belidor,  torn.  2, 
B.  ill,  pp.  33-^1. 
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when  they  are  inclined  90^  to  the  axis,  yet 
this  force  has  not  the  smallest  tendency  to  put 
them  in  motion;  and  it  is  not  difficult  to  perceive^ 
that  the  friction  of  the  machine,  and  the  resist* 
ance  of  the  air  to  the  thickness  of  the  sails,  must 
always  limit  the  velocity  of  their  motion.  In  this 
case,  theory  does  not  accord  with  practice  ^  but 
they  mav  be  easily  reconciled,  by  making  the 
angle  ox  inclination  89^  instead  of  90,  and 
supposing  the  sails  to  perform  a  finite,  but  a  very 
great  number  of  revolutions  in  a  second,  an  hun* 
dred  for  example.  Then  the  saUs,  having  still  a 
very  disadvantageous  position,  will  receive  but  a 
smsJl  impetus  from  the  wind,  which  mav  be  caU« 
ed  one  pound.  But  this  defect  in  the  unpelling 
power  is  made  up  by  the  great  velocity  of  the 
sails ;  and  since  the  dfect  is  always  equal  to  the 
product  of  the  weight  and  the  velocity,  we  will 
have  1 X  100=100  for  the  effect  of  the  machine^ 
Now,  let  us  take  friction  into  the  account,  and 
suppose  it  to  be  so  great  as  to  diminish  the  rapi- 
dity of  the  sails,  from  100  to  50  turns  in  a  second; 
then,  in  order  that  the  machine  may  produce  an 
effect  equal  to  100,  as  formerly,  we  must  change 
the  angle  of  the  sail's  inclination,  till  it  receives 
from  the  wind  an  impetus  equal  to  two  pound  for 
2X50=10a  If  the  friction  be  still  farther  in« 
creased,  the  celerity  of  the  machine  will  experi- 
ence  a  proportional  diminution,  and  the  angle  o£ 
inclination  must  undergo  such  a  change,  that  the 
force  of  impulsion  received  from  the  wind  may 
make  up  for  the  velocity  that  is  lost  by  an  in- 
crease  of  friction.  From  these  observationa  it 
plainly  appears,  that  the  celerity  of  the  sails,  and 
their  inclination  to  the  axis,  depend  upon  the 
momentum  of  friction ;  and  as  this  is  genendly  m 
constant  quantity  in  machines,  and  can  easily  be 
FoL  It.  S 
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determined  experimentally^  the  position  of  the 
sails,  the  velocity  of  their  motion,  and  the  effect 
of  the  machine,  may  be  found  from  the  following 
table,  which  is  calculated  from  the  formulas  of 
Euler,  and  adapted  to  different  degrees  of  fric- 
tion. 

'In  this  table,  F denotes  the  force  of  the  wind 
upon  all  the  sails ;  d  is  the  radius  of  the  sail,  or 
the  distance  of  its  extremity  from  the  centre  of 
the  axis  or  windshaft ;  v  is  the  velocity  of  the 
wind }  and  $  the  velodty  of  the  sail's  extremity, 
which  is  equal  to  the  numbers  contained  in  the 
fourth  column. 

Table  conUunm^  the  jingle  of  IncRnation  euid  Weather  of  Whnd" 
mllSmli,  the  Velocity  of  their  Extremitiee,  and  the  EJfea 
of  the  Machine^  for  any  Degree  of  Friction* 


i: 


Momentam 
of  friction. 


Aiiilt«r 

laellMtlMOf 

tOtlM>«lf. 


Anffle 

ifym 
ther 


Velocity  of 
the  sails  at 
their  extre- 
mities. 


Effect  of 
machine. 


Effect  of  the 
thehnachine  dif- 
ferently ex- 
pressed. 


6.SS5708  Fd 
.115837  Fd 
B.188871Fd 
.079653  Fd 
0f.O47OOl  Fd 
0.024310  Fd 
0.01 0362  Fd 
0.003084  Fd 
0HXK)386  Fd 
0.000000  Fd 


45- 

50 
55 
60 
65 
10 
75 
80 
85 
90 


45« 
40 
35 
30 
95 
80 
15 
10 
5 
0 


0.000000 
0.187686 
0.881334 
0.469888 
0.711154 
1.048160 
1.550305 
8.499481 
5.808606 
Infinite. 


0.000000  Fv 


0.000000  F« 


0.0047 18  Fv  0.036950  F« 


0.017968^ 


0.063869  F« 


0.037487  Fv  0.070653  F« 

.0601 47  Fv  0.084576  F« 

V  i0.083 159  #Vi.'0.079795  Fs 


#W0 


.  103848 1^  0.06697  8  F« 
K 1 801 05  Wo.048053  Ft 
K 1 30454  i!V  0.085046  Fr 
[0.134001  FoO.OOOOOOF« 


1 


I 


I 


6 


J 


riS^rfdie      ^^  preceding  table   has  been  applied,   by 

table.        Euler,   isolely  to  that  species  of  wind-nfiills  in 

which  the  sails  are  sectors  of  an  ellipse,   and 

which  intercept  the  whole  cylinder  of  wind*  This 
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construction  was  reconlmeuded  also  by-  Parent ; 
but  later  and  more  accurate  experiments  have 
evinced,  that  when  thfe  whole  area  is  filled  up 
with  sail,  the  wind  does  not  produce  its  greatest 
effect,  from  the  want  of  proper  interstices  to 
escape.  On  this  account  a  small  number  of  sails 
are  gdierally  used,  and  these  are  either  rectan- 
gular, or  a  little  enlarged  at  their  extremities. 
It  will  be  proper,  therefore,  to  shew  how  the 
table  can  be  applied  to  this  description  of  sails, 
for. the  application  is  much  more  diiEcult  than  in 
the  other  case. 

It  is  evident,  from  the  first  column  of  the 
table,  that  before  we  can  use  it,  we  must  find  the 
value  of  J^,  or  the  force  of  the  wind  upon  all  the 
sails.  But  as  this  force  depends  not  merely 
upon  the  quantity  of  surface,  and  the  velocity  ot 
the  wind,  which  are  always  given,  but  also  upon 
die  angle  of  their  inclination,  which  is  unknown, 
some  method  of  determining  it,  independently  of 
this  angle,  must  be  adopted.  Euler  has  shewn 
how  to  do  this,  in  the  case  where  the  whole  area 
is  filled  with  elliptical  sectors ;  but  there  is  no 
direct  method  of  determining  the  value  of  -F  in 
the  case  of  rectangular  sails,  when  the  angle  of 
inclination  is  imknown.  We  must  find  it  there^ 
fore  by  approximation;  that  is,  we  must  take 
any  probable  angle  of  inclination,  70*  for 
example,  and  find  the  value  of  F  suited  to  this 
angle,  and  thence  the  co-efficient  of  Fd^  in  the 
first  column.  With  this  co-efficient  enter  the 
table,  and  take  out  the  corresponding  angle  of 
inclination,  which  will  be  either  less  or  greater 
than  70.  With  this  new  angle  of  inclination  find 
a  more  accurate  value  of  F^  and  consequently  a 
new  co-efficient  oiFd.  If  this  co-efficient  does 
not  differ  very  much  from  that  formerly  found, 

S2 
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it  may  be  regarded  as  true,  and  employed  for 
taking,  out  of  the  table  a  more  accurate  angle  of 
jnclii^on,  along  with  the  velocity  of  the  sails, 
and  the  effect  or  the  machine.  We  shall  now 
illustrate  both  these '  methods  by  an  example, 
after  having  shewn  how  to  determine  by  experi« 
ment  the  momentum  of  friction,  and  the  velo- 
city of  the  wind. 

To  find  the  Momentum  of  Friction. 

On  the  mo.  Iq  a  calm  day,  when  the  wind-mill  is  unbad- 
£^^  ed,  or  pexformin^  no  work,  bring  two  opposite 
sails  into  a  horizontal  position;  and,  having 
attached  different  weights  to  die  extremities 
of  their  radius,  find  how  many  pounds  are 
sufficient  not  only  for  impressing  the  smallest 
motion  on  the  sails,'  but  for  continuing  them  in 
that  state ;  and  the  number  of  pounds  multi- 
.plied  into  the  length  of  the  radius,  will  be  the 
momentum  of  friction.  Whdi  this  experiment 
is  made,  it  will  always  be  found  that  a  greater 
weight  is  necessary  for  moving  the  sails  than  for 
continuing  them  m  motion ;  and,  in  order  that 
the  quantity  of  friction  may  be  accurately  esti- 
mated,  the  wind-mill  should  be  put  in  motion 
immediately  before  the  experiment  is  made;  for 
the  friction  always  increases  with  the  time  in 
which  the  communicating  parts  have  remained  in 
contact. 


Tofind  the  Felocity  qfthe  Wmd. 


i^^tke     Various  instruments,  denominated  anemome- 
locitx!^  ters,  or  anemoscopes,  have  been  invented  for 


.1 
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measuring  the  force  and  velocity  of  the  wind^ 
the  best  of  which  are  those  wmch  were  con- 
structed by  Mr.  Hckerine '  andDr.Lind.*  The 
velocity  ot  the  wind  has  been  deduced  also  from 
the  motion  of  the  clouds^  and  the  change  eflfect* 
ed  by  the  wind  upon  the  motion  of  sound.^ 
The  second  of  these  methods  is  manifestly  inac- 
curate, and  the  first  takes  for  granted  what  is 
palpably  erroneous,  that  the  velocity  of  the  wind 
is  me  same  in  the  higher  regions  of  the  atmo- 
sphere, as  at  the  surface  of  the  earth.  The  in- 
genious Professor  Leslie  having  found,  in  the 
course  of  his  experiments  on  heat,  that  the  re- 
frigerant, or  cooling,  power  of  a  current  of  air 
is  eicactly  proportional  to  its  velocity,  derives, 
from  this  principle  the  construction  of  a  new  and 


'  PhnoMpkical  Transactions,  No.  473. 

»  Id.  vol.  Ixv,  p.  353. 

'  Brisson,  Traiie de Pl!yfiqwei''^Unt  p.  150,  §  1015.-- For 
the  description  of  another  anemometer,  see  Wolfii  Opera 
Math.  torn,  i,  p.  773.  The  anemometer  invented  by  Bou« 
guer  is  described  in  hit  Traiie  du  Nmnn^  p.  359 ;  Onsea 
Bray's  anemometer  in  the  Mem.  Acad.  Paris,  1734 ;  and 
another  by  Zeiher,  which  is  a  combination  of  Bouguer's 
instrument,  with  th^  apparatus  employed  by  Smeaton,  is 
described  In  the  Nov.  Com.  Petrop.  17^*  ▼oL  x,  p.  302. 

I  have  seen  an  inflrenious  anemometer,  invented  by  the 
Rev.  Mr.  Jamefon  of  St.  Mungo,  and  founded  on  the  same 
principle  as  t)ie  quadrant,  described  by  Bossut,  for  finding 
the  vdodty  of  running  water.  A  plane  sur&ce,  suspended 
In  a  vertical  direction,  is  exposed  to  the  action  of  the  wind, 
and  the  angle  of  iu  devatioo,  to  the  tangent  of  which  the 
force  of  the  wind  is  always  proportional,  is  pointed  out  by 
an  index  carried  round  by  a  wheel  and  pinion.  Bv  means  of 
a  fmall  click  which  fidls  into  the  teeth  of  one  of  the  wheels, 
the  plain  surface,  or  pendulum,  is  detained  in  the  position 
to  which  it  is  raised,  and  the  greatest  velocity  of  the  wind 
may  be  determined  in  the  absence  of  the  observer. 

S3 
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Leslie's 

anemome* 
ter. 


ample  anemometer.  *  It  is  in  reality  nothing 
more/, say's  he,  •  than  a  thermometer,  only 
with  its  bulb  larger  than  usual.  Holding  it  in 
the  open  still  air,  the  temperature  is  ma^ed: 
it  is  th^  warmed  by  the  application  of  the 
hand,  and  the  time  i3  noted  which  it  take^  to 
sink  back  to  the  middle  point.     This  I  shall 

.  term  the  fundamental  measure  of  cooling.  The 
same  observation  is  made  on  exposing  the  bulb 
to  the  impresson  of  the  wind,  and  I  shall  call 
the  timjB  jrequired  for  the  bisection  of  ;the  inter- 
val of  temperatures,  the  occasional  measure  of 
cooling.  ARer  these  preliminaries,  we  have 
the  following  easy  rule: — Divide  the  funda- 
mental by  the  occasional  measure  of  coolings 
and  the  excess  of  the  quotient  above  unity  being 
multiplied  by  44-9  u)ill  express  the  velocity  of 
the  wind  in  miles  per  hour.  The  bulb  of  the 
thermometer  ought  to  be  more  than  half  an 
inch  in  diametex>ldUid  may,  for  the  sake  of 
portability,  be  fUled  with  alcohol  tinged,  as 
usual,  with  archil.  To  simplify  the  observation, 
a  gliding  scale  of  equal  parts  may  be  applied  to 
the  tube.  When  the  biiilb  has  acquired  the 
due  temperature,  the  zero  of  the  slide  is  set 
opposite  to  the  limit  1^  the  coloured  liiquor  in 
the  stem;  and,  after  bavitig  been  heated,  it 
again  stands'  at  20^  in '  it3  descent,  the  time 
which  it  thence  tak^  until  it  sinks  to  10^  is 
measured  by  a  stop  watch.  Extemporaneous 
calculation  may  be  avoided,  by  having  a  table 
engraved  upon  the  scale  for  the  series  of  occa- 
sional intervals  of  cooling.*  ^ 


^  Enquiry  into  the  Natare  and  Propagation  of  Heat, 

p.  284. 
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The  most  simple  method  of  determining  the  ^"J^^*» 
velocity  of  the  wind,  is  that  which*  Coulomb  em-™ 
ployed  in  his  experiments  on^'idnd-mills,  and 
which  requires  neither  die  aid  of  iiistruments  nor 
the  trouble  of  calculation.  *  'Twq  persons  were 
placed  on  a  sniall  elevation',  at  the  distance  of 
150  feet  from'  oiie  another,  iii  the  direction  of 
the  wind;  and^  while  the  one  observed,  the 
other  measured  the  time  which  a  small  and  light 
feather  employed  in  moving  through  the  space. 
The  distance  between  the  two  persons,  divided 
by  the  number  of  seconds,  gave  the  velocity  of 
the  wind  per  second,  paving  thu9  shewn  how 
to  find  the ;  momentum  of  friction,  and  the  velo^ 
city  of  the  wi^d,  we  shall  now  explain  the  u^ 
of  the  table.  •       ^  •  .  * 

Supposing  the  radius  of  the  sails  tb  be  20  feet,£xpiaiia. 
the  velocity  of  the  wind  10  feet  per  6te.ond»  and^]^**** 
that  it  requires  a  force  of  10  pounds  acting  at  th^ 
extremity  of  the  n^us  to  overcome  the  frictio& 
of  the  machine, — ^it  is  required  to  find  the  anglei 
of  weather,  th^  velojcity  of  the  89al%  and  the  ^^ 
feet  of  the  machine.  .    > :  ;• 

Let  d,  the  radius  of  the  sails^  '!be  =20  feet, 
then  the  momentuqi  of  friction  will  be  10x20 
=^00  pounds.  .I»et  n,  the  number  of  Bails,  bet 
=12,  while  a  represents  the  breadth  of  tl|e  isail^ 
at  their  extremiti^,  and  b  the  breadth  into;  wb^eb 
they  are  projected,,  or  the  breadth  whi^h ;  the)^ 
would  occupy  if  ^reduced  into  a  plane  perpendicu-, 
lar  to  the  wind.  Tlien,  since  the  whole  cylinder 
of  wind  is  supposed  to  be  intjei:cq)ted,  the  effecty 
produced  upon  all  the  oblique  s^s  will  be  equal 


See  Mem.  de  PAcad.  Paris,  i;'81,  p.  70. 
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to  the  effect  that  would  be  produced  upon  a  per* 
pendicular  sur&ce,  equal  to  the  whole  area  of 
the  polygon  into  which  the  oblique  triangular 
fsails  are  proj^ted.  The  value  of  b^  there* 
fore^  may  be  found  by  plane  trigonometry, 
the  lengtn  of  the  s^  and  the  angle  of  the 
polygon,  being  given,  or  by  the  following  the- 

orenx  t  b:z:2dx  tang.  ^ — ,  d  bemg  radius,  and 


n  the  number  of  sails.     In  the  present  case 

then,  we  shall  have  b  =  3  X  20  x  tang. > 

n 

or  iizr4extang.l5%  =  10.717968  feet.  Now, 
since  the  area  of  any  triangle  is  equal  to  its  aid- 
lode  multiplied  by  half  Its  base,  the  area  of  a 
polygon  will  be  equal  to  the  altitude  of  one  of 
the  triangles  which  compose  it,  or  to  the  radius 
fif  the  inscribed  circle,  multiplied  by  half  the 
number  of  its  sides.  The  area  of  the  polygon, 
Aerefore,  into  which  the  sails  are  projected,  or 
fjtae  quantity  of  perpendicular  surface  impelled  by 
die  wind,  will  be  7  ndb^  and,  cons^uently,  the 
force  of  impulskm  P^  upon  this  surface,  will  be 
7  ndbwy  where  tn;  is  the  square  of  the  wind's 
vdodty,  to  which  the  force  of  impulsion  is  al- 
wa^  proportional.  In  the  present  case,  then, 
fine Sorce F,  which  impds diesails,  will  be  6X20 
Xia717968Xt;i;;  and  if  w  be  the  aldtude 
which  is  due  to  the  velocity  of  the  wind,  or  the 
height  through  which  a  heavy  body  must  fall  in 
order  to  acquire  that  velodtv,  the  force  of  im- 
pulsion F  will  be  equal  to  the  weight  of  a  mass 
of  air,  whose  volume  is  lS86.15616Xtn;  cubic 
feet,  or  to  1^  w  cufedc  feet  of  water ;  for  water 
U  s^ut  800  times  more  dense  than  air;  that  i$ 
to  100  w  pounds  avoirdupois,  687  of  which  are 
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equal  to  a  cubic  foot  of  water.  But,  in  order 
that  the  machine  may  move,  the  momentum  of 
friction  200  must  be  less  than  0.2S5702xFd,  or 
a235702X  100  t;t;X20 ;  for  when  it  is  exactly 
this,  the  wind  cannot  move  the  machine,  as 
appears  from  the  first  line  of  the  table ;  or, 
what  is  the  same  thing,  the  height  due  to  the 
velocity  of  the  wind,  viz.  w  must  be  greater 
than  0.424,  or  4  of  a  foot,  which  corresponds 
to  a  velocity  of  5.222,  or  5~.  Unless,  there- 
fore, the  celerity  of  the  wind  exceeds  5y  feet 
per  secondv  it  will  not  be  able  to  move  the  ma- 
chine. These  things  being  premised,  let  us 
now  proceed  to  determine  the  construction  and 
effect  of  die  machine,  upon  the  supposition 
that  the  momentum  of  friction  is  200  pounds, 
and  the  velocity  of  the  wind  10  feet  per  se* 
cond.  Now,  vVy  the  height  due  to  this  velo** 
dty  is  l-f-  feet}'  therefore  the  force  of  impul- 
don  i^  is  =  100  w  pounds,  or  lOOX-f-,  or 
sI60  pounds  avoirdupois;  and  Fd^  l60 
X20=3200.  But  the  momentum  of  friction^ 
viz.  Fdj  multiplied  into  its^  co-efficent,  should 
be  equal  200  pdftnds;  therefore,  the  co-efficient 

200     200  ^ 

will  be  equal  to  ;^— 3200"^         *^»  ^^  *® 

momentum  of  friction  will  be  0.062500  Fd^ 
With  this  number  enter  the  first  column  of  the 
table,  and  you  vdll  find  the  angle  of  inclina- 
tion corresponding  to  it  to  be  about  68^ ;  the 


'  Tbe  hdght  answeriag  to  any  Tcloctty,  and  the  velo- 
city due  to  any  heights  may  be  found  by  the  foQowtn^ 
theorems,  in  which  v  is  the  Telocityy  and  b  the  height  doe 

to  it  i  ^=2^^  16-087  X^i  licnce  *=f25*    ^^^  PP-170,171*. 
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velocity  of  the  sail's  extremity  =  -f-  v,  or  6  feet 
per  second;  and  the  effect  of  the  machine 
i=0.05  Fv  =0.05>cl60ttX10=8ttxiOfeet,  or 
8  pounds  raised  through  10  feet  in  a  second, 
which  is  equal  to  1000  pounds  raised  through 
288  feet  in  an  hour.  But  the  force  of  a  man, 
according  to  Euler,  is  equal  to  1000  pounds  rais- 
ed through  1 80  feet  in  an  hour ;  therefore,  the 
power  of  the  machine,  with  a  wind  moving  at 
the  rate  of  10  feet  per  second,  is  not  equal  to 
the  power  of  two  men/ 

Let  us  now  supppse  that  the  wind-mill  is 
driven  by  means  of  four  rectangular  sails,  18 
feet  in  length  and  4  in  breadth,  and  that  the  mo- 
mentum of  friction  and  the  radius  of  the  sails 
are  the  same  as  before.  Then  the  area  of  each 
sail  will  be  18X4,  and  the  whole  surface  that  is 
acted  upon  by  the  wind,  will  be  18X4X4=288 
square  feet.  But  before  we  can  determine  the 
forc^  which  the  wind  exerts  upon  this  surface, 
we  must  know  its  inclination  to  the  wind ;  let 
u6  suppose  this  to  be  70*,  then  the  impetus 
of  the  wind  upon  the  sails,  or  F,  will  be 
=s288xSin.70"xw,  in  which  v  is  the  wind's 
velocity,  or  F=254  vv  cubic  feet  of  air.  If  w 
be  the  height  due  to  the  wind's  velocity,   di- 


*  Bernouilli  makes  the  force  of  a  man  equal  to  1000 
pounds  raised  through  216  feet  in  an  hour,  Recueil  des 
Frix,  torn,  viii ;  Coulomb  makes  it  equal  to  1000  pounds 
laised  through  102  feet  in  an  hour,  Mem.  de  PAcad.  Paris^ 
17SI»  p.  74 ;  and  M.  Schulze  makes  it  1000  pounds  raised 
through  260  feet  in  an  hour,  Mem.  de  I'Acad.  Berlin,  1783, 
pb  333.  A  Tery  interesting  discussion  on  the  force  of  men, 
by  Lambert,  will  be  found  in  the  Mem.  de  PAcad.  Berlin, 
1776. 
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viding    this   quantity   by    800,   we   will   have 

127 
jF=2oo^'^  cubic  feet  of  water,   and  multtply- 

iqg  this  by  62r  we  will  have  Frrl9.8  w  pounds 
avoirdupois.  Now,  let  the  velocity  of  the  win4 
be  SO  feet  per  second,  the  height  vv  due  to  this 
velocity  will  be  14  feet  nearly;  and,  conse- 
quently J'^  19.8X14,  =  276  pounds  avoirdupois. 
Fd  will  therefore  be  =  5540 ;  and,  since  the 
whole  momentum  of  friction  is  200,  the  co-ef* 

200 
ficient  of  Fd  will  be  =554q=0*036101,  and  the 

momentum  of  friction,  expressed  as  the  table  re- 
quires, will  be  =  0.036 101  Fd.  Having  entered 
the  table  with  this  number,  the  proper  angle  of 
inclination  will  be  found  to  be  67^  degrees. 
With  this  angle,  instead  of  70**,  repeat  the  fore- 
going calculation^  and  after  finding  a  new 
co-emcient  to  Fdj  enter  the  table  with  it  a  second 
time,  and  you  will  have  the  proper  angle  of  in- 
clination, diflfering  but  little  from  the  former, 
and  likewise  the  velocity  of  the  sails,  and  the  ef- 
fect of  the  machine.  * 

By  comparing  with  the  preceding  theory  the 
performance  of  the  wind-mills  examined  by  Cou- 
lomb and  Lulofs,*  it  will  be  found  that  their 
power  is  almost  double  of  that  which  is  deduced 
from  theory.     This  remarkable  difference  arises 


'  Those  who  wish  to  inquire  farther  into  the  theory 
of  wind-millsy  will  find  some  excellent  observations  in 
D'Alembert's  Traite  de  PEquilibre  et  du  Mouvement  det 
Fluides,  1770»  p.  3gi6,  S  S&B ;  or  in  his  Opmeuks^  totn. 
T>  p.  148,  &c.  and  also  by  Lambert,  in  the  Mem.  de 
TAcad.  BerUn,  i;75,  p.  92. 

*   See  pages  287,  288. 
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from  a  defect  in  the  common  hypothecs,  which 
represents  the  force  of  impulsion  as  proportional 
to  the  square  of  the  wind's  velocity,  and  die 
square  of  the  sine  of  the  angle  of  incidence. 
When  the  wind  impinges  upon  the  sail,  the  air 
behind  it  is  rarefied ;  this  rarefaction  increases 
with  the  velocity  of  the  wind,  and  therefore  the 
impulsion  must  be  much  greater  than  what  is 
deduced  from  the  common  hypothesis.  Euler 
supposes  it  to  be  twice  as  great ;  and,  upon  this 
supposition,  has  treated  the  subject  more  accur- 
ately in  a  subsequent  memoir,*  which,  however, 
is  too  profound  to  be  of  any  service  to  the  prac- 
tical mechanic. 
kcmIuoI  These  theoretical  deductions,  however  inter- 
esting they  may  be,  must  yield  in  point  of  prac- 
tical utility  to  me  observations  of  our  country- 
man Mr.  Smeaton.  From  a  varietv  of  well  con- 
ducted experiments,  he  found,  that  the  com- 
mon practice  of  incUning  plane  sails,  from  72^ 
to  75^,  to  the  axis,  was  much  more  efficacious 
than  the  angle  assigned  by  Parent,  the  eflfect 
being  as  45  to  SI.  When  the  sails  were  wea- 
thered in  the  Dutch  mann^,  that  is,  when  their 
surfaces  were  concave  to  the  wind,  and  when  the 
angle  of  inclination  increased  towards  their  ex- 
tremities, they  produced  a  ^eater  effect  than 
when  they  were  weathered  either  in  the  com- 
mon way,  or  according  to  Maclaurin's  theo- 
rem. ^  But  when  the  sails  were  enlarged  at 
their  extremities,  as  represented  at  a  j9,  so  that 
«  A  was  one  third  of  the  radius  ms,  and  am  to 


'  Rechcrches  plus  extctes  turPeffet  det  moolini  ^  vent, 
Mem.  de  PAcad.  Berlin,  17^»  ^  xHj  p.  164. 
^  See  page  262. 
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mfij  as  5  to  S,  their  power  was  greatest  of  all, 
though  the  surface  acted  upon  by  the  wind  re- 
mained the  same.  ^  If  the  sails  be  farther  en- 
larged, the  effect  is  not  increased  in  proportion 
to  the  surface ;  and,  besides,  when  the  quantity 
of  cloth  is  great,  the  machine  is  much  exposed 
to  injury  by  sudden  squalls  of  wind.  In  these 
experiments  of  Smeaton,  the  angle  of  weather 
varied  with  the  distance  from  the  axis ;  and  he 
found,  from  several  trials,  that  the  most  effica- 
cious angles  were  those  contained  in  the  foUow*- 
ing  table : 


Putt  o£  the  ndint 
mt,  whi(h  is  irriM 

Angle  with  the 

axn. 

Angle  of  weather. 

into  6part>. 

1 

72 

18 

2 

71 

19 

S 

72 

18  middle 

4 

74 

16 

S 

774- 

12i 

6 

83 

7 

Supposing  the  radius  ms  of  the  sail,  to  be  SO 
feet,  then  the  sail  will  commence  at  7  ms^  or  5 
feet  from  the  axis,  where  the  angle  of  inclinadon 
will  be  72^.  At  7  mSj  or  10  feet  from  the  axis, 
the  angle  will  be  71%  and  so  on. 


^  In  the  saili  utcd  in  Portugal,  the  broad  part  it  pbced 
at  the  end  ef  the  arm.  They  are  much  more  twob  than 
those  of  common  wind-miUi,  and  may  he  act  to  draw,  in  n 
manner  smilar  to  the  stay  laili  of  a  ship. 
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On  the  Effect  of  Wtndrmill  Sails. 

^J^^       The  following  maxims,  deduced  by  Mr.  Smea^ 
niu,'       ton  from  his  experiments,  contain  the  best  in- 
formation which  we  have  upon  the  effect  of  wind- 
mill sails,  if  we  except  a  few  experiments  made 
by  Coulomb. 

Awording      Moxtm  1.  The  velocity  of  wind-mill  safls,  whe- 
t«D.     *    ther  unloaded  or  loaded,  so  as  to  produce  a  maxi- 
mmn  effect,  is  nearly  as  the  velocity  of  the  wind, 
their  shape  and  position  being  the  same. 

Maxim  2.  The  load  at  the  maximum  is  near- 
ly, but  somewhat  less  than,  as  the  square  of  the 
vdocity  of  the  wind,  the  shape  and  position  of 
the  sails  being  the  same. 

Maxim  3.  The  effects  of  the  same  sails  at  a 
maximum,  are  nearly,  but  somewhat  less  than, 
as  the  cubes  of  the  velocity  of  the  wind. 

Maxim  4.  The  load  of  the  same  sails,  at  the 
maximum,  is  nearly  as  the  squares,  and  their  ef- 
fect as  the  cubes  of  their  number  of  turns  in  a 
given  time. 

.  Maxim  5.  When  sails  are  loaded,  so  as  to  pro- 
duce a.  maximum  at  a  given  velocity,  and  the  ve- 
locity of  the  wind  increases,  the  load  continuing 
the  same  j  l»t.  The  increase  of  effect,  when  the 
increase  of  the  velocity  of  the  wind  is  small,  will 
be  nearly  as  the  squares  of  those  velocities; 
2^7;  When  the  velocity  of  the  wind  is  double,  the 
effects  will  be  nearly  as  10to27TJ  but,  S<^t,  When 
the  velocities  compared  are  more  than  double  of 
that  where  the  given  load  produces  a  maximum, 
the  effects  increase  nearly  in  the  ^Qiple  ratio  of 

velocity  of  the  wind. 

1 
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Maxim  6.  In  sails  where  the  figure  and  po- 
sition are  similar,  and  the  velocity  of  the  wind 
the  same,  the  number  of  turns,  in  a  given  time, 
will  be  reciprocally  as  the  radius  or  length  of  the 
sail. 

Maxim  ?•  The  load,  at  a  maximum,  which  sails 
of  a  similar  figure  and  position  will  overcome,  at 
a  given  distance  from  the  centre  of  motion,  will 
be  as  the  cube  of  the  radius. 

Maxim  S.  The  effects  of  sails  of  similar  figure 
and  position  are  as  the  square  of  the  radius. 

Maxim  9.  The  velocity  of  the  extremities  of 
Dutch  sails,  as  well  as  of  the  enlarged  sails,  in 
all  their  usual  positions  when  unloaded,  or  even 
loaded  to  a  maximum,  are  considerably  quicker 
than  the  velocity  of  the  wind.  ^ 

M.  Coulomb  made  a  number  of  experiments  According 
on  wind-mills  that  were  employed  to  raise  stamp-  [onS!"" 
ers  for  the  purpose  of  bruising  seed.  He  found 
that  wind-mills  having  the  dimensions  formerly 
stated,^  produced  an  effect  equivalent  to  1000 
poimds  raised  through  the  space  of  218  feet  in  a 
minute.  The  Quantity  of  force,  which  was  lost 
by  the  action  of  the  wipers  upon  the  stampers, 
was  equal  to  1000  pounds  raised  through  16|- 
feet  in  a  minute ;  and  the  friction  was  equivalent 
to  1000  pounds  raised  through  18-  feet  in  a  mi- 


^  Mr.  Smeaton  found,  when  the  radius  was  30  feet,  that 
for  every  three  turns  of  the  Dutch  saik  in  their  common 
position,  (when  the  angle  of  weather  at  the  extremity  it 
nothing^,  the  wind-milf  moves  at  the  rate  of  two  miles  an 
hour ;  for  every  five  turns  in  a  minute  of  the  Dutch  sails, 
m  their  best  position,  the  wind  moves  four  miles  an' boor ; 
and  for  every  six  turns  in  a  minute  of  the  enlarged  sails,  in 
their  best  position,  the  wind  will  move  five  miles  aft  Hbur. 

^See  page  266. 
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aute.  The  total  quantity  of  action,  therefere, 
exerted  by  the  wind  in  moving  the  machine,  was 
equal  to  1000  pounds  elevated  to  the  height  of 
253  feet  in  a  minute,  the  velocity  of  the  wind 
being  20  feet  per  second. 

It  appears,  too,  from  Coulomb's  experiments, 
that  w^hen  the  wind  moved  at  the  rate  of  1 8  feet 
per  second,  the  sails  made  8  turns  in  a  minute  ; 
when  the  velocity  of  the  wind  was  20  feet  per 
second,  the  sails  performed  IS  turns  in  a  minute; 
and  when  its  velocity  was  28  feet  in  a  second,  the 
sails  made  1 7  turns  in  a  minute. "  By  taking  the 
medium  of  these  results,  it  will  be  found,  that 
the  number  of  turns  made  by  the  sails  in  a  mi- 
nute, is  to  the  number  of  feet  which  the  vnnd 
moves  in  a  second,  as  1  to  1.6.  Hence,  when 
the  velocity  of  the  sails  is  given,  that  of  the  wind 
may  be  easily  determined. 

M.  Lulofs  of  Leyden  examined  a  Dutch  wind- 
mill,  which  was  employed  to  drain  marshes,  and 
found  that  when  the  wind  moved  at  the  rate  of 
90  feet  per  second,  it  was  capable  of  raising  1 500 
cubic  feet  of  water,  4  feet  high,  in  a  minute. 
The  wind-mill  had  four  rectangular  sails,  each 
being  43  feet  long,  and  95t  feet  broad ;  and  the. 
mean  angle  of  weather  was  17  degrees. 


On  Horizontal  Wind-mills. 

Horif  ootai     A  Variety  of  opinions  have  been  entertained  re- 
windpiniiifcgpg^^g  ^^  relative  advantages  of  horizontal  and 

vertical  wind-mills.  Mr.  Smeaton,  with  great 
justice,  gives  a  decided  preference  to  the  latter  ^ 
but,  when  he  asserts  that  horizontal  wind-mills 


•  Mem.  de  I'Acad.  Paris,  i;81,  p.  61. 
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have  only  ^  or  -j^  of  the  power  of  vertical  6ne8, 
he  certainly  forms  too  low  an  estimate  of  their 
power.  Mr.  Beatson,  on  the  contrary,  who  has 
received  a  patent  for  the  construction  of  a  new. 
horizontal  wind-mill,  seems  to  be  prejudiced  in 
their  favour,  and  greatly  exaggerates  their  com* 
parative  value.  From  an  impscrtial  investigation; 
it  will  probably  appear,  that  the  truth  lies  be- 
tween these  two  opposite  opinions;  but  before 
entering  on  this  discussion,  we  must  first  consi- 
der the  nature  and  form  of  horizontal  wind* 
mills. 

In  Fig.  3  of  Pbte  VI,  CK  is  the  perpendicular  Plttc  vi, 
swis,  or  windshaft,which  moves  upon  pivots.  Fout^'^*^* 
cross  bars  CA^  CD,  IB,  FG,  are  fixed  to  this  ^^ 
arbor,  which  carrv  the  frames  APIR,  DBFO. 
The  sails  ^/,  EG,  are  stretched  upon  these 
frames,   and  are  carried  round  the  axis  CKj 
by  the  perpendicular  impulse  of  the  wind.   Upon 
the  axis  CK  a  toothed  wheel  is  fixed,  which 
gives  motion  to  the  particular  machinery  that  is 
employed.     In  the  figure  only  two  sails  are  re- 
presented }   but   there   are   always   other   two 
placed  at  right  angles  to  these.     Now,  let  the  Common 
sails  be   exposed  to  the  wind,   and  it  will   be  ^j^  °^ 
evident   that   no   motion  will   ensue;    for  the wk the 
force  of  the  wind,  upon  the  sail  AIj  is  coun^  ^^S^' 
teracted  by  an  equal  and  oj^site  force,  upon 
the  sail  EG.    In  order,  then,  that  the  wind 
may  communicate  motion  to  the  machine,  the 
force  upon  the  returning  sail  EG  must  either 
be  removed  by  screening  it  from  the  wind,  or 
diminidied   by  making   it  present  a  less  sur- 
face when   returning  against  the  wind.     The 
first  of  these  meth^  is  adopted  m  Tartary, 
and  in  some  provinces  of  Spaing  but  is  ob- 
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jected  to  by  Mn  Beatson,  from  the  inconveni* 
ence  and  expence  of  the  machinery  and  attend- 
ance requisite  for  turning  the  screens  into  their 
proper  positions.  Notwithstanding  this  objec- 
tion, however,  I  am  disposed  to  tMnk  that  this 
16  the  best  method  of  diminishing  the  action  of 
the  wind  upon  the  returning  sails,  for  the 
moveable  screen  may  easily  be  made  to  follow 
the  direction  of  the  wind,  and  assume  its  proper 
position,  by  means  of  a  large  wooden  weather- 
cock,  without  the  aid  either  of  men  or  machi- 
nery. It  is  true,  indeed,  that  the  resistance 
opposed  to  the  returning  sails  is  not  completely 
,  removed ;  but  it  is  kt  least  as  much  diminished 
as  it  can  be  by  any  method  hitherto  proposed. 
Resides,  when  this  plan  is  resorted  to,  there  is  no 
occasion  for  any  moveable  flaps  and  hinges, 
which  must  add  greatly  to  the  expence  of  every 
other  method. 

The  mode  of  bringing  the  sails  back  against 
■•**«'•  the  wind,  which  Mr.  Beatson  invented,  is,  per- 
haps, the  simplest  and  best  of  the  kind.  He 
makes  each  sail  Al  to  consist  of  six  or  eight 
flaps,  or  vanes,  AP  6  1 ,  b  I  ^  2,  &c.  moving 
upon  hinges,  represented  by  the  dark  lines  APy 
£  1,  c  2,  &c.  so  that  the  lower  side  b  1,  of  the 
first  flap  overlaps  the  hinge,  or  highest  ^e,  of 
the  second  flap,  and  so  on.  When  the  wind, 
therefore,  acts  upon  the  sail  AIj  each  flap  will 
press  upon  the  hinge  of  the  one  immediately 
below  it,  and  the  whole  sur&ce  of  the  sail  will 
be  exposed  to  its  action.  But  when  the  sail 
AI  returns  against  the  wind,  the  flaps  will  re- 
volve upon  their  hinges,  and  present  only  their 
edges  to  the  wind,  as  is  represented  at  £G^,  so 
that  the  resistance  occasioned  by  the  return  of 
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the  sail  must  be  greatly  diminished,  and  the 
motion  will  be  continued,  by  the  superiority  of 
force  exerted  upon  the  sails,  in  the  position 
AL  In  computing  the  force  of  the  wind  up-  Retbtanee 
on  the  sail  jil^  and  the  resistance  opposed  toj^,!^^' 
it  bv  the  edges  of  the  flaps  in  EG,  Mr.  Beatson»as. 
foiQSy  that,  when  the  pressure  upon  the  former 
is  1872  pounds,  the  resistance  opposed  by  the 
latter  is  only  about  36  pounds,  or  y-  part  of  the 
whole  force ;  but  he  neglects  the  action  of  the 
wind  upon  the  arms  CAj  &c.  and  the  frames 
which  carry  the  sails,  because  they  expose  the 
same  surface,  in  the  posidon  AI^  as  in  the  por- 
tion EG.  This  omission,  however,  has  a  tend- 
ency to  mislead  us  in  the  present  case,  as  we 
shall  now  see,  iot  we  ought  to  compare  the 
whole  force  exerted  upon  the  arms,  as  well  as 
the  sail,  with  the  whole  re^tance  which  these 
arms  and  the  edges  of  the  flaps  oppose  to  the  mo- 
tion of  the  wind-mill.  By  inspecting  Fig.  3,  it  %•  5- 
will  appear,  that  if  the  force,  upon  the  edges  of 
the  flaps,  which  Mr.  Beatson  supposed  to  be  12 
in  number,  amounts  to  36  pounds,  the  force 
spent  upon  the  bars  CDy  DGj  GF^  FE^  Sec. 
cannot  be  less  than  60  pounds.  Now,  since 
these  bars  are  acted  upon  with  an  equal  force, 
when  the  sails  have  the  position  AI^  1872-|-60 
= 1 932  will  be  the  force  exerted  upon  the  sail 
AI,  and  its  appendages,  while  the  opposite  force, 
upon  the  bars  fUid  edges  of  the  flaps,  when  re- 
turning against  the  wind  will  be  36-|-6o=96 
pounds,  which  is  nearly  ^  of  1Q32,  instead 
of  ^  as  computed  by  Mr.  Beatson.  Henc€ 
we  may  see  the  advantages  which  will  pro« 
b^bly  arise  from  using  a  sisreen  for  the  re- 
turning s^il,  instead  of  moveable  flaps,  as  it  will 

Ta 


preserve  not  only  the  sails,  but  the  arms  and  the 
£rame  which  support  it,  from  the  action  of  the 
wind/ 
Compari-       We  shall  now  conclude  this  article  with  a  few 
nJe«  w-  ^^"^su-ks  on  the  comparatiTc  power  of  horizQii- 
ticai  anA    tal  an4  Vertical  wind-mills.     It  was  already  stat- 
wbd.*SSL  ^^»  that  Mr.  Smeaton  rather  under-rated  the 
former,  while  he  maintained  that  they  have  only 
•J  or  ~  the  power  of  the  latter,    tie  observes3 
that  when  the  vanes  of  a  horiaont^  and  vertical 
mill  are  of  the  same  dimensK>ns,  the  power  of 
the   latter  is   four  tim^   that  oi  the   former ; 
because,  in  the  first  case,  only  one  sail  is  act- 
ed upon  at  once ;  while,  in  the  second  case,  all 
the  four  receive  the  impulse  of  the  wind.    This, 
however,  is  not  strictly  true,  since  the  vertical 
sails  are  all  oblique  to  the  direction  of  the  wind. 
i.et  us  suppose  that  the  ^urea  of  eadi  sail  is  lOQ 
square  feet }  then  the  power  of  a  horizontal  sail 
.  will  be  100,  as  only  one  sail  is  acted  upon,  and 
as  its  surface   is  perpendicular  to   the  wind, 
and  the  power  of  a  vertical  sail  may  be  call- 

2 

ed  100  X  sine  70**= 88  nearly,  (70P  bemg  the 
common  angle  of  inclination ;)  but  since  there 
are  fdur  vertical  sails,  the  power  of  them  all 
Vidllbe  4X88=352;  so  that  the  power  of  the 
horizontal  sail  is  to  that  of  the  four  vertical 
ones,  as  I.  to  S.52,  and  not  as  I  to  4  accord- 


^  The  sails  of  horizontal  wind-mills  are  sometimes 
fixed)  like  float-boards,  on  t1l«  circumference  o#  a  lai^^e 
dram  or  cylinder.  These  sails  more  upon  hinges  so  as  to 
stand  at  right  angles  to  the  drum,  vraen  they  are  to  re- 
ceive the  impulse  of  the  wind;  and  when  they  return 
itgainst  it,  thev  fold  down  upon  its  circumference.  See 
Repertory  of  Arts,  toL  vj. 
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ing  W  Mr.  Smeaton.  But  Mr.  Smeaton  also 
observes,  that  if  we  consider  the  farther  dis- 
advantage which,  arises  from  the  difficulty  of  get- 
ting the  sails  back  against  the  wind,  we  need  not 
wonder  if  horizontal  wind-mills  have  only  about 
J  or  —  the  power  of  the  comihon  sort.  We 
have  already  seen,  that  the  resbtance  occa* 
sioned  by  the  return  of  the  sails,  amounts  to  -^ 
of  the  whole  force  which  they  receive ;  by  sub- 
tracting -^f  therefore,  from  jj^  we  will  find 
that  the  power  of  horizontal  wmd-mills  is  onl^ 
^,  or  fettle  more  than  f  less  than  that  of  ver- 
tical ones.  This  calculation  proceeds  upon  a 
supposition,  that  the  whole  force  exerted  upon 
vertical  sails  is  employed  in  turning  them  round 
the  axis  of  motion ;  whereas,  a  considerable  part 
of  this  force  is  lost  in  pressing  the  pivot  of  the 
axis,  or  windshaft,  against  its  gudgeon.  Mr. 
Smeaton  has  overlooked  this  circumstance, 
otherwise  he  could  never  have  maintained  that 
the  power  of  four  vertical  sails  was  quadruple 
the  power  of  one  horizontal  sail,  the  dimensions 
of  each  being  the  same.  Taking  this  circum- 
stance into  the  account,  we  cannot  be  far  wrong 
in  saying,  that,  in  theory  at  least,  if  not  in  prac- 
tice, the  power  of  a  horizontal  wind-mill,  is 
about  y  or  7  of  the  power  of  a  vertical  one, 
when  the  quantity  of  surface  and  the  form  of  the 
sails  is  the  same,  and  when  every  part  of  the  ho- 
rizontal sails  have  the  same  distance  from  the 
axis  of  motion  as  the  corresponding  parts  of 
the  vertical  sails.  But  if  the  horizontal  sails 
have  the  position  u^/,  JEG,  instead  of  the  po-  Kg.  3. 
sition  CAdm^  CDon^  their  power  will  be 
greatly  increased,  though  the  quantity  of  sur&ce 
is  thq  same ;  because  the  .part  CP  8  m  being 
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transferred  to  BI S  ef,  has  much  more  power  to 
turn  the  sails.  I  would  recommend  it  also  to  the 
mechanic,  to  furnish  horizontal  wind-mills  with 
six  or  eight  sails  ;  for,  as  it  happens  in  the  ana- 
logous case  of  water-millSy  the  wind  bends  round 
their  extremttes,  and  impinges  up<m  those  parts 
of  the  sail  immediately  behind,  which  are  not  ex- 
pofed  to  the  direct  acdon  of  the  wind.  Having 
these  methods,  therefore,  of  increasing  the  power 
of  horizontal  sails,  we  would  encourage  every 
attempt  to  improve  their  construction,  as  not 
only  laudable  in  itself,  but  calculated  to  be  of  es- 
sential  utility  in  a  conunercial  country. 
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ON  WHEEL  CARRIACBI. 

JMr.  Ferguson,  in  his  fourth  lecture,  haswbeei 
treated  the  subject  of  wheel-carriages  with  great  "Ht^- 
perspicuity,  and  has  communicated  much  prac^ 
tical   information   of  considerable   importance. 
Many  of  the  prejudices,   however,   which  he 
has  there  encountered,  and  several  others  which 
have  escaped  his  notice,  still  continue  to  prevail 
in  this  country ;    and  as   some   of  these  have 
been  countenanced  even  by  ingenious  men,  we 
are  laid,  under  a  more  urgent  necessity  of  at'' 
tempting  to  develope  the  source  of  their  errors, 
and  of  regulating  the  practice  of  the  mechanic  by 
the  deductions  of  theory.     The  very  assistance 
which  theory  has,  in  this  case,  furnished  to  the 
artist,  has  been  rendered  not  only  useless,  but  in« 
jurious,  by  an  erroneous  application ;  and  we  may 
safely  affirm,  that  there  is  no  species  of  machin- 
ery where  less  science  is  displayed  than  in  the 
construction   and   position   of   carriage-wheels. 
The  few  imperfect  hints,  which  we  are  able  to 
convey  upon  this  sul^ect,  regard  the  fbrmatioa 
and  position  of  the  wheels,  die  line  of  traction. 
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and  the  method  of  disposing  the  load  which  is  to 
be  drawn.  To  some  of  these  we  solicit  the 
reader's  attention,  as  being  entirely  new,  and 
apparently  leading  to  consequences  of  high  im- 
portance. 


On  the  Formation  of  Carriage  Wheels. 

Wheels  act  When  the  wheels  of  carriages  either  move 
SaST^^  upon  a  level  surface,  or  overcome  obstacles 
powen.  which  impede  their  progress,  they  act  as  mecha- 
nical powers,  and  may  be  reduced  to  levers  of 
the  first  kind.  In  order  to  elucidate  this  remark, 
which  is  of  great  importance  in  the  present  dis- 
Pbteu,  cussion,  let  ^  be  the  centre,  and  BCN  the  cir- 
Fig.  5.  cumference  of  a  wheel  6  feet  in  diameter,  and 
^PP"  let  the  impelling  power  P,  which  is  attached  to 
the  extremity  of  a  rope  ADP^  passing  over  the 
pulley  Z),  act  in  the  horizontal  direction  AD. 
Then,  if  the  wheel  ia  not  affected  by  friction,  it 
will  be  put  in  motion  upon  the  level  surface  MB^ 
whe&  d^e  power  P  is  infiniidiy  smalL  For  since 
the  whole  weight  of  the  wneel  rests  on  the 
grouad  at  the  point  J?,  which  is  the  fulcrum  of 
the  lever  AB^  the  distance  of  the  weight  from 
the  centre  of  motion  will  be  nothing,  and  there- 
fore the  mechanical  energy  of  the  smallest  power 
P,  acting  at  the  point  A^  with  a  length  of^  lever 
AB^  will  be  infinitely  great  when  compared  with 
the  resistance  of  the  weight  to  be  raised ;  and  thi$ 
will  be  the  case  however  small  be  the  lever  AB^ 
and  however  great  be  the  weight  of  the  wheel. 
— But  as  the  ix^ieels  of  carriages  are  constantly 
meeting  with  impediments,  let  C  be  an  obstacle 
6  inches  high,  which  the  wheel  is  to  surmount. 
Then  the  spoke  AC  mil  represent  this  lever,  C 
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its  fulcrum,  AD  the  direction  of  the  power ;  and 
if  the  wheel  weighs  100  pounds,  we  may  repre- 
sent  it  by  a  weight  W  fixed  to  the  wheel's 
centre  Ay  or  to  the  extremity  of  die  lever  CA^ 
and  acting  in  the  perpendicular  direction  AB^  in 
opposition  to  the  power  P.  Now,  the  mechanic 
cal  energy  of  the  weight  W  to  pull  the  lever 
round  its  fulcrum  in  the  direction  AE^  is  repre^ 
sented  by  C£,  while  the  mechanical  energy  of 
an  equal  weight  P  to  puU  it  in  the  opposite  di^ 
rection  AF^  is  represented  by  CF;  an  equilibri- 
um, therefore,  will  be  produced,  if  the  power 
P  is  to  the  weight  fF  as  C£  to  CF,  or  as  die 
sine  is  to  the  cosine  of  an  angle,  whose  versed 
sine  is  equal  to  the  height  of  the  obstacle  to  be 
surmounted ;  for  EB^  the  height  of  the  mound 
£7,  is  the  versed  sine  of  the  angle  BACy  and  CE 
is  the  sine,  and  CF  the  cosine  of  the  same  angle- 
In  the  present  case,  where  EB  is  6  inches,  and 
AB  3  feet,  EB^  the  versed  sme,  will  be  1666, 
&c.  wh^i  AB  is  1000 ;  and,  consequently,  the 
angle  BAC  will  be  S3^  33%  and  CE  will  be  to 
EF  as  62  to  83,  or  as  66  to  100.  A  weight  P, 
therefore,  of  66  pounds,  acting  in  a  horizontal 
direction,  will  balance  a  wheel  6  feet  diameter, 
and  1 00  pounds  in  weight,  upon  an  obstacle  6 
inches  high ;  and  a  small  addidonal  power  will 
enable  it  to  surmount  that  obstacle.  But  if  the 
direction  AD  of  the  power  be  inclined  to  the  ho- 
rizon, so  that  the  point  D  may  rise  towards  H^ 
the  iHie  PC,  which  represents  the  mechanical 
energy  of  P,  will  gradually  increase,  till  DA 
has  reached  the  position  HAj  perpendicular  to 
A€y  where  its  mechanical  energy,  which  is 
now  a  maximum,  is  represented  by  AC  the  ra» 
dius  of  the  wheel ;  and  since  £C  is  to  CA  as  53 
to  100,  a  little  more  than  53  pou&ds  will  be 
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suiEdent  for  enabling  the  wheel  to  overcome  th^ 
obstacle. 

Proceeding  in  this  way,  it  will  be  founds 
dlat  the  power  of  wheels  to  surmount  emi- 
nences increases  with  their  diameter,  and  is  di- 
rectly proportional  to  it,  when  their  weight  re- 
mains the  same,  and  when  the  direction  of  the 
power  is  perpendicular  to  the  lever  which  acts 
against  the  obstacle.  Hence  we  see  the  great 
advantages  which  are  to  be  derived  from  large 
wheels,  and  the  disadvantages  which  attend  small 
AdTan.  oncs.  There  are  some  circumstances,  however, 
2^  ^  which  confine  us  within  certain  limits  in  the  use 
wheek  of  large  wheels.  When  the  radius  AB  of  the 
'  wheel  is  greater  than  DM  the  height  of  the 
pulley,  or  of  that  part  of  the  horse  to  which 
the  rope  or  pole  DA  is  attached,  the  direction 
of  the  power,  or  the  line  of  traction,  AD  will  be 
oblique  to  the  horizon,  as  Ad^  and  the  mechani- 
cal energy  of  the  power  will  be  only  Ae^  whereas 
it  was  represented  by  AE  when  the  line  of  trac- 
tion was  in  the  horizontal  line  DA.  Whenever 
the  radius  of  the  wheel,  therefore,  exceeds  four 
feet  and  a  half  the  height  of  that  part  of  the 
horse,  to  which  the  traces  should  be  attached, ' 
the  line  of  traction  AD  will  incline  to  the  hori- 
zon, and,  by  declining  from  the  perpendicular 
AH^  its  mechanical  rabrtwill  be  diminished; 
and,  since  the  load  rests  upon  an  inclined  plane, 
the  trams,  or  poles,  of  the  cart  will  rub  against 
the  flanks  of  the  horse,  even  in  level  roads,  and 


'  According  to  M.  Couplet,  the  distance  of  this  part 
of  the  horse  from  the  ground  is  generally  three  fut  and  a 
*«y>  (Mem.  dc  TAcad.  Paris,  1733,  8'%  p.  75).  In  horses 
of  a  common  size,  however,  it  is  seldom  Mow  Joitrfyf  and 
abalf. 
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Still  more  severely  in  descending  ground.  Not- 
withstanding this  diminution  of  force,  however, 
arising  from  the  unavoidable  obliquity  of  the  im- 
pelling power,  wheels  exceeding  four  and  a  half 
feet  radius  have  still  the  advantage  of  smaller 
ones;  but  their  power  to  overcome  resistances 
does  not  increase  so  &st  as  before.  Hitherto 
we  have  supposed  the  weight  of  the  large 
and  small  wheels  to  be  the  same;  but  it  is 
evident,  that,  when  we  augment  their  dia- 
meter, we  add  greatly  to  their  weight;  and, 
by  thus  increasing  the  load,  we  sensibly  diminish 
their  power. 

From  these  remarks,  we  see  the  superiority  of 
great  wheels  to  small  ones,  and  the  particular 
circumstances  which  suggest  the  propriety  of 
making  the  wheels  of  carriages  less  than  4^  feet 
radius.  Even  this  size  is  too  great,  as  we  shall 
afterwards  shew,  when  speaking  of  the  line  of 
traction;  and  we  may  safely  assert,  that  they 
ought  never  to  exceed  6  feet  in .  diameter,  and 
should  never  be  less  than  St  feet.  When  the 
nature  of  the  machine  will  permit,  large  wheels 
should  always  be  preferred,  and  small  ones  should 
never  be  adopted,  unless  we  are  compelled  to 
employ  them  by  some  unavoidable  circumstances 
in  the  construction.^     This  maxim,  which  has 


'  For  the  advantage  of  those  who  wish  to  study  this 
subject  with  greater  attention,  and  with  the  view  also  of 
recommending  the  use  of  large  wheels,  we  shall  subjoin  the 
following  references  to  the  works  of  eminent  men,  who  have 
held  the  same  opinion  upon  this  point ;  Mersennus'  Geom. 
p.  459;  Herigon,  Mecan,  prob.  xvi,  Schol.;  Wallis*  Mecan. 
c.  vii,  prob.  3,  SchoL  ^  15  ;  Phil.  Trans,  vol.  xv,  p.  856; 
Camus'  Traite  des  Forces  Mouvantes,  prop.  zxviii»  zxx  ; 
and  Deparcieux  sur  leTirage  des  Chcvaux,  Mem.  de  PAcad. 
Paris,  1760,  p.  263,  4'*. 
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been  inculcated  by  every  person  who  lias  written 
on  the  subject,  seems  to  have  been  strauigely  ne* 
glected  by  the  practical  mechanics  of  diis  coun^ 
The  fore.  try.  The  fore-wheels  of  our  carriages  are  stili 
cl^a«°/  unaccountably  small,  and  we  have  seen  carts 
too  amaiL  moving  upon  wheels  scarcely  fourteen  inches  in 
diameter.  The  workman,  indeed,  will  tell  us, 
diat,  in  the  one  case,  the  wheds  are  made  small 
for  the  conveniency  of  turning,  and,  in  the 
other,  for  &cilitating  the  loading  of  the  cart ; 
but  how  trifling  are  these  advantages  when  com- 
pared with  that  diminution  of  the  horses'  power, 
which  necessarily  results  from  the  use  of  small 
wheels*  A  convenient  place  for  turning  with 
large  fore  wheels,  which  is  not  frequently  re- 
quired, may  be  procured,  by  going  to  the  end 
m  a  street ;  and  a  few  additional  turns  of  a 
windlass  will  be  sufficient  to  raise  the  heaviest 
load  into,  carts  which  are  mounted  upon  high 
wheels.  It  has  been  objected  against  large  fore- 
wheels,  that  the  horses,  when  going  down  a  Ae* 
cUvity,  cannot  so  easily  prevent  the  carriages 
from  running  downwards ;  but  this  very  ofajec* 
tion,  trifling  as  it  is,  is  a  plain  confession  that 
large  fore^wheels  are  advantageous,  both  in  hori- 
zontal and  inclined  planes,  cStierwise  their  tend- 
ency downwards  would  not  be  greater  than  that 
of  small  ones.  ^ 


■^— ^^"l     '■■     H  1^.— — nn 


'  From  gome  experimeau  oft  whcd  carrUget,  Mr. 
Walker  cooceivc»  that  xkc  greatest  adyantage  was  obtaiBed 
when  the  hind  whoeh  were  $  feet  6  lAches  in  diameter, 
and  the  fore  ones  4  feet  6  inches*  whereas  the  ku*ge  wheels 
are,  in  genf  ral«  only  4  feet  6  laches*  and  the  tmdl  ooea 
3  feet  8  Aoches."— Systeai  of  Familiar  Phtbsophyy  voL  i,  p. 
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Having  thus   ascertained  the  superiority  ofonthe 
large  wheels,  we  are  now  to  determine  on  thejj^°/*^ 
shape  which  ought  to  be  as»gned  them.    Every 
person,  who  is  not  influenced  by  preconceived 
notions,  would  affirm,  without  hesitation,  that,  if 
the  wheels  are  to  consist  of  solid  wood,  they 
should  be  portions  of  a  cylinder ;  and  if  they  ^^""* 
are  to  be  composed  of  naves,  spokes,  and  fellies,^ 
that  the  rim  of  the  wheel  ought  to  be  cylin- 
drical,  and  the   spokes   perpendicular  to   the 
naves.      But  some  men,   desirous  of  being  in- 
ventors,   have    renounced   this   simple   shape, 
and  adopted   the   more   complicated   form   of 
Fig.  6,  where  the  rim  BsrA  is  conical,  and  the  ^^  "• 
spokes  inclined  to  the  naves.*      Philosophers, J^. '  ^^' 
too,  have  found  a  rtz»(m  for  this  change,  and  it  wh^. 
has  been  adopted  in  every  country,  more  from 
the  authority  of  nan^s  than  the  force  of  argu- 
ment.'    It  is  with  the  greatest  diffidence,  how- 
ever, that  we  presume  to  contradict  a  practice 
l^hich  has  been  defended  by  the  most  celebrated 
mechanics ;  but  we  trust  that  thei  reader's  indul- 
gence  will  be  proportioned  to  the  solidity  of  the 
reasoro  upon  which  this  difference  of  sentiment 
is  founded.  Adwu- 

The  form  represented  in  Fig.  6,  then,  isr»Middii- 
liable  to  two  objections,  namely,  the  inclimdon  ^^JJ^St 
of  the   spokes,   and  the   conical  figure  of  the 


^  This  inclination  is  about  1  incb  oui  of  11,  or    ^  is 
merally  3  inches  when  the  diameter  ol  the  wheel  is  Si 


'  I  haTe  seen  some  carriage  wheek,  in  which  one  half 
of  the  spokes  were  incKned  about  one  fourth  more  than 
the  other  halft  every  alternate  spoke  being  equally  inclined 
to  the  axis.  The  reasons  for  such  a  construction  I  have 
hot  beed  able  to  discoYcr. 
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rim.    When  the  spokes  are  inclined  to  the  nave, 
the  wheels  are  said  to  be  concave,  or  dishing, 
and  they  are  re(!ommended  by  Mr.  Ferguson, 
and  every  other  writer  on  mechanics,  from  the 
numerous  advantages  which  are  said  to  attend 
them.    By  extendmg  the  base  of  the  carriage, 
they  prevent   it  from  being  easily  overturned, 
they  hinder  the  fellies  from  rubbing  against  the 
load  or  the  odes  of  the  cart^  and  when  one 
wheel  falls  into  a  rut ;  and,  therefore,  supports 
more  than  one  half  of  the  load,  the  spokes  are 
brought  into  a  perpendicular  position,  which  ren- 
ders them  more  capable  of  supporting  this  addi- 
tional wdght.    Now,  it  is  evident)  mat  the  se- 
cond of  these  advantages  is  very  trifling,  and  may 
be  obtained  when  it  is  wanted,  by  interposing  a 
mece  of  board  between  the  wheel  and  the  load. 
The  other  two  advantages  exist  only  in  very  bad 
roads ;    and   if  they  are   necessary,    which  we 
very  much    quesdon,   in  a  country  like   thisr, 
where  the  roads  are  so  excellently  made,  and  so 
regularly  repaired,  they  can  easily  be  procured 
by  making  the  axle-tree  a  few  inches  longer,  and 
increasing  the  strength  of  the  spokes.    But  it  is 
allowed,  on  all  hands,  that  perpendicular  spokes 
IfsdiattiMi  are  preferable  on  level  ground.    The  inclination 
•^  *•  ^u^  of  the  spokes,  therefore,  which  renders  concave 
wheels  advantageous  in  rugged  and  unequal  roads, 
2^*^  renders  them  disadvantageous  when  the  roads 
are  in  good  order;  and  where  the  good  roads 
are  more  numerous  than  the  bad  ones,  as  they 
certainly  are  in  this  country,  the  disadvantages 
of  concave  wheels  must  overbalance  their  ad- 
vantages.   It  is  true,  indeed,  that  in  concave 
wheels,  the  spokes  are  in  their  strongest  posidon 
•when  they  are  exposed  to  the  severest  strains; 
that  is,  when  one  wheel  is  in  a  deep  rut,  and 


V 
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sustains  more  than  one  half  of  the  load ;  but  k 
is  equally  true,  that  in  level  ground,  where  the 
spokes  are  in  their  weakest  position,  a  less  severe 
strain,  by  continuing  for  a  much  longer  time, 
may  be  equally,  if  not  more,  detrimental  to  the 
wheel.* 

Upon  these  observations,  we  might  rest  the  Concave 
opinion  which  we  have  been  maintaining,  and  ^j^f 
appeal  for  its  truth  to  the  judgment  of  every  inore  ioj 
intelligent  and  unbiassed   mind;    but  we  shall J^^' 
go  a  step  fiuther,  and  endeavour  to  shew,  that 
concave  dishing   wheels   are   more   expensive, 
more  injurious  to  the  roads,  more  liable  to  be 
broken  by  accidents,  and  less  durable,  in  gene- 
ral, than  those  wheels  in  which  the  spokes  are 
perpendicular  to  the  naves.     By  inspecting  Fig.  ^^"^ 
6,  it  will  appear,    that  the  whole  of  the  pres*  ^ 
sure,  which  the  wheel  jiB  sustains,  is  exert- 
ed along  the  inclined  spoke  j^j,  and  therefore 
acts  obtiquely  upon  the  level  ground  nD,  whe- 
ther the  rims  be  conical  or  cylindrical.    This 
oblique  action  must  necessarily  injure  the  roads, 
by  loosening  the  stones  more  between  B  ^d  D 
than  between  B  and  n ;  and  if  the.  load  were 
sufficiently  great,   the   stones   would   start   up 
between  s  and  Z).     The  texture  of  the  roads, 
indeed,  is  sufficiently  firm  to  prevent  this  from 


'  Mr.  Ansticcy  in  his  excellent  treatise  on  wheel  car- 
riages, recommends  concave  wheels ;  but  candidly  allowst 
that  '  some  disadvantages  attend  this  contrivance ;  for  the 
carriage  thus  takes  up  more  room  upon  the  road,  which 
makes  it  more  unmanageable ;  and  when  it  moves  upon 
plain  ground,  the  spokes  not  only  do  not  bear  perpen- 
dicularly, by  which  means  their  strength  is  lessened,  but 
the  friction  upon  the  nave  and  axle  is  made  unequal,  and 
the  more  «o  the  more  they  are  dished.' 
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t&ing  place ;  but,  in  conseqaeiKe  of  the  ol>- 
lique  pressure,  the  stones  between  s  and  D  will, 
at  least,  be  loosened,  and,  by  admitting  the  rain, 
the  whole  of  the  road  will  be  materially  damag* 
ed.     But  when  the  spokes  are  perpendicular  to 
the  nave,  as  pn,  and  when  the  rims  m^,  nB 
are  cylindrical,  or  parallel  to  the  ground,  the 
weight  sustained  by  the  wheel  will  :^ct  perpen- 
dicularly upon  the  road,  and  however  much  that 
weight  is   increased,   its   action  can   have   no 
tendency  to  derange  the  materials  erf  which  it  is 
composed ;  but  is  rather  calculated  to  consoli-^ 
date  them,  and  render  the  road  more  firm  and 
durable. 
And  more      It  was  observed,  that  concave  wheels   are 
cxpcimve. .  ^j^y^  expensive  than  plain  ones-    This  addition- 
al expence  arises  from  the  greater  quantity  of 
wood  and  worktnanship  which  the  former  re- 
quire ;  for,  in  order  that  dishing  wheels  may  be 
"  of  the  same  perpendicular  height  as  plane  ones, 
the  spokes  of  the  former  must  exceed  in  length 
these  of  the  latter,  as  much  as  the  hypothenuse 
oji  of  the  triangle  ojim  exceeds  the  side  om ; 
Plate  11,    and  therefore  th^  weight  and  the  resistance  of 
F«-  ^      such  wheels  must  be  proportionally  great     The 
inclined  spokes,  too,  cannot  be  formed  nor  in« 
serted  with  such  facility  as  perpendicular  ones. 
The  extremity  of  the  spoke  which  is  fixed  into  the 
nave  is  inserted  at  right  angles  to  it,  in  the  direc- 
tion op  J  and  if  the  rims  are  cylindrical,  the  other 
extremity  of  the  spoke  should  be  inserted  in  a  si- 
milar manner,  while  the  intermediate  portion  has 
an  inclined  position.     There  are,  therefore,  two 
flexures  or  bendings  in  the  spokes  of  concave 
wheels,  which  require  them  to  be  formed  out  of 
a  larger  piece  of  wood  than  if  they  had  no  such 
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flexures,  and  render  them  liable  to  be  brokm  by 
any  sudden  strain  at  the  points  of  flexure* 

In  the  comparison  which  we  h^ve  now  been 
stating,  between  thd  merits  of  concave  and  plane 
wheels,  we  have  taken  for  granted  what  has  been 
uniformly  stated  by  the  advocates  of  the  former, 
that  when  one  of  the  wheels  falls  into  a  rut  or 
surmounts   an   eminence,    the   lowest   sustains 
miich  more  than  one  half  of  the  load.     Now, 
though  it  be  true  that  the  lowest  wheel  supports 
^more  thah  one  half  of  the  load,  yet  we  deny 
that  it  bears  so  much  as  has  generally  been 
supposed,^    and  we  shall  prove  the  assertion, 
by  pointing  out  a  method  of  ascertaining  the 
additional  weight  which  is  transferred  to  one 
wheel  by  any  given  elevation  of  the  other.    LetPJatcii, 
AMOC  represent  a  cart  loaded  with  coals  or^*^"^' 
lime,  or  any  other  material  which  fills  it  to  thef/°£*^ 
top,  and  let  AB  be  a  horizontal  line  on  the  siu*-  borne  by 
face  of  a  level  road.     Then,  if  the  wheel  A  re-^^^"^^^** 
mains  fixed,   and  the   wheel  C  raised  to  any  of  them  h 
height,  its  lower  extremity  Q  will  describe  the  ?"""°""'*. 
arch  BO  round  the  centre  A\  while  the  centre  of  ncnc^  "^ 
gravity  D  of  the  whole  machine  and  load  will 
move  in  the  arch  iVM  round  the  same  centre. 
Now,  let  us  suppose  that  .fiC  is  an  eminence 
which  the  whed  C  has  tO'  surmount,  and  that  it 
has  arrived  at  the  top  of  it ;  it  is  required  to  find 
what  proportion  of  the  load  is  sustained  by  each 
wheel.     Bisect  this  horizontal  line  AB  in  e,  and 
from  e  draw  ed  at  right  angles  to  AB^  and  meet- 


'  Mr.  FerguBon  ob«enre8|  .(voL  i,  p.  11 6),  thtft.tht' 
;v?heeU  which  faHs  into  the  rut|  beai:9  much  m^re^oH  the 
weight  than  the, ^ther;  and,  a  little  afterwsurdi^  that  it 
bear»  most fif%%  weight  of  thcl^d. 

VohlL  U 
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ing  the  arch  NM  in  the  point  d^  join  AC^  A 
d,  AD^  and  from  the  point  i)  let  fell  the  per- 
pendicular />£.    The  point  d  will  be  the  centre 
of  gravity  of  the  load  when  the  points  C  and  B 
coincide ;  that  is,  when  the  wheels  are  resting  on 
the  horizontal  plane  AB*  For  since,  in  this  case, 
each  wheel  bears  an  equal  part  of  the  weight, 
the  line  of  direction,  or  a  vertical  line  passing 
through  the   centre   of  gravity,  will    cut   the 
base  ABy   so  that  Ae  will  be  to  eS   as  the 
weight  upon  the  wheel  A  to  the  weight  upon  C; 
and,  dierefore,  ed  will  be  the  line  of  direction, 
and  the  point  (/,  where  it  cuts  the  circle  NM^  in 
which  the  centre  of  gravity  moves,  will  be  the 
centre  of  gravity  of  me  load  in  a  horizontal  po- 
sition.   Now  as  D  is  the  centre  of  gravity  when 
the  cart  is  in  its  inclined  position,  the  perpendi- 
cular DE  will  be  the  line  of  direction,  and  the 
weight  sustained  by  the  wheel  A  will  be  to  that 
sustained  by  C  as  EB  to  EA^  or  Ee  will  repre- 
sent the  additional  we^ht  transferred  upon  Aj 
when  AB  represents  the  whole  of  the  load.    But 
Ee  can  be  easily  determined  for  any  value  of 
BCj  the  height  of  the  obstacle.    For,  while  the 
pcnnt  C  moves  from  B  to  C,  the  centre  of  gra- 
vity rises  from  dto  Dj  so  that  Dd  and  BC  are 
similar  arches,  and  ABj  Adj  BCy  are  known,  AB 
being  the  distance  between  the  wheels,  and  Ad 
being  equal  to  the  square  root  of  the  sum  of  the 
squares  of  Acj  the  half  of  that  distance,  and  de 
the  height  of  the  centre  of  gravity  (Eucl.  1,  47), 
and  BC  being  the  height  of  the  eminence.    But 
since  de^  the  sine  of  the  arch  dN^  is  known,  dN 
18  known,  and  also  i^JNT,  the  sum  of  the  two 
arches,  ZX/,  dN.    The  cosmes  AEy  Ae^  of  the 
arches  DN^  dN^  are  therefore  known,  and  con- 
sequently Ee,  their  dl£fefence  may  be  determin- 
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cd ;  or,  otherwise,  Ee  is  the  difference  of  the 
versed  sines  £iV,  eAT,  of  the  same  arches.  Let 
us  now  take  a  particular  value  of  BC^  or  rather 
of  Coy  the  perpendicular  height  of  the  eminence, 
and  call  it  1 2  inches ;  for  even  in  the  worst  roads 
there  are  few  eminences  which  are  greater  than 
this.  Let  ABj  the  distance  between  the  wheels, 
be  6  feet,  and  <&,  the  height  of  the  centre  of 
gravity,  4  feet,  then  Co  will  be  7  of  the  radius 
AB\  and  making  /^J5= 1000000,  CO  will  be 
166666,  which,  being  the  natural  dne  of  the 
arch  fiC,  gives  9**  35'  for  the  arch  BCy  and  for 
the  similar  arch  Dd*  Now,  since  ^e  is  3  feet, 
and  de  4  feet,  the  sum  of  their  squares  will  be 
35,  and  its  square  root  5  will  be  the  length  of 
the  hypothenuse  Ad^  or  the  radius  of  the  circle 
NDm.  Then,  maldng  Ad  radius,  or  1000000, 
de,  the  sine  of  the  arch  dN^  will  be  f  of  it,  or 
800000;  and  therefore  the  arch  dN  will  be 
53^  8',  and  the  arch  DJV,  6f  43'.  But  AE^ 
the  cosine  of  the  arch  DNj  is  =  45889  i  =:  or 
r^j  nearly,  of  AJ0=5  feet,  and  is  therefore 
equal  to  2  feet  >  9  inches  and  6  tenths ;  conse* 
quently  EezzAe — AE  will  be  8  inches  and  4 
tenths,  which  is  nearly  7  of  AB.  We  may  there- 
fore conclude,  that  the  additional  wdght  sustain^ 
ed  by  the  wheel  A^  while  the  other  wheel  is  ris- 
ing over  an  obstacle  1 2  inches  in  perpendictilar 
height,  is  7  only  of  the  whole  load ;  or  that  ~ 
of  the  pressure  upon  the  wheel  C  is  transferred 
to  the  wheel  A^  while  sunpountinfi^  an  eminence 
12  inches  high.  If  pne  of  the  wheds  falls  into 
a  rut  12  inches  deep,  the  same  conclusion  virill 
result  i  and  we  may  affirm,  that  as  the  ruts  and 
eminences  which  are  generally  to  be  met  with 
even  in  bad  roads,  are  for  ^  most  part  much 
less  than  12  inches  in  depth  or  height,  suc|i  a 
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small  proportion  of  the  load  will  be 'transferred 
to  the  lowest  wheel,  that  there  is  no  necessity 
for  inclining  the  spokes  in  order  to  sustain  the 
additional  weight.  When  the  cart  is  loaded  ^th 
stones,  or  any  heavy  substance,  the  centre  of  gra- 
vity will  be  lower  than  rf,  so  that  a  less  propor- 
tion of  the  weight  will  be  transferred  to  one 
wheel  by  the  elevation  of  the  other ;  and  when 
it  is  loaded  with  hay,  or  any  light  material,  the 
lowest  wheel  will  sustain  a  greater  proportion  of 

the  load: 
Concave  We  shall  now  dismiss  the  subject  of  coucave 
l^^wd?' wheels  with  one  observation  more,  and  we  beg 
the  reader's  attention  to  it,  because  it  appears  to 
be  dedisive  of  the  question.  The  obstacles  which 
carriages  have  to  encounter,  are  almost  never 
spherical  protuberances,  which  permit  the  ele- 
vate wheel  to  resume  by  degrees  its  horizontal 
p^tJob.  They  are  generally  of  such  a  nature, 
that  the  wheel  is  instantaneously  precipitated 
from  their  top  to  the  level  ground.  Now  the 
momenhim  with  which  the  wheel  strikes  the 
griiuiid  1$  very  great,  arisin^from  a  successive 
adci^iitiition  of  rorce.  The  velocity  of  the  wheel 
^  is  cdflsiderable  when  it  reaches  the  top  of  the 
etMih^nce,  arid  while  it  is  tumbling  into  the  hori- 
Fig.  7.  zontal  liii^  AB^  the  centime  of  gravity  is  falling 
thrdu^fr  f h6  arch  2)cf,  and  the  whe^l  Cis  receiv- 
ing ^i-adually  that  proportion  of  the  load  which 
was'tr^ifcfred  fo  A^  till,  having  recovered  the 
whole,  it  jfmjflng^s  a^ain^t  the  ground  with  great 
velocity  and  force."  But  in  concave  wheels,  the 
spoke  which  then  sttikes  the  ground  is  in  its 
weakest  position,  and  therefore  much  more  lia- 
ble to  be  broken  by  the  impetus  of  the  fall,  than 
the  spokes  of  the  IpWest  wheel  by  the  merls  trans- 
ference of  ad^itioflal  weight.    Whereas  if  the 
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spokes  be  perpendicular  to  the  nave,  they  re- 
ceive this  sudden  shock  in  their  strongest  posi- 
tion, and  are  in  no  danger  of  giving  way  to  the 
strain. 

In  the  preceding  observations,  we  have  sup-  Plati  ir, 
posed  the  rims  of  the  wheels  to  be  cylindrical,^*^' ^' 
as  AC,  BD.  In  concave  wheels,  however,  the 
rims  are  imiformly  made  of  a  conical  form,  as 
Ar^  Bsj  which  not  only  increases  the  disadvan- 
tages that  we  have  ascribed  to  them,  but  adds 
many  more  to  the  number.  Mr.  Gumming,  in  Conical 
a  late  treatise  on  wheel  carriages,  solely  devot-'""*j!fft" 
ed  to  the  consideration  or  this  smgle  point,  has 
shewn,  with  great  ability,  the  disadvantages  of 
conical  rims,  and  the  propriety  of  making  them 
cylindrical ;  but  we  are  of  opinion  that  ne  has 
ascribed  to  conical  rims  several  disadvantages 
which  arise  chiefly  from  an  inclination  of  the 
spokes.  He  insists  much  upon  the  injury  done 
to  the  roads  by  the  use  of  conical  nms ;  yet, 
though  we  are  convinced  that  'they  are  more  in- 
jurious to  pavements  and  highways  than  cylindri- 
cal rims,  we  are  equally  convinced,  that  this  in- 
jury is  occasioned  chiefly  by  the  oblique  pressure 
of  the  inclined  spokes.  The  defects  oi  conical 
rims  are  so  numerous  and  palpable,  that  it  is 
wonderful  how  they  should  have  been  so  long 
overlooked.  Every  cone  that  is  put  in  motion 
upon  a  plane  surfaco^  will  revolve  round  its  ver- 
tex, and  if  force  is  employed  to  confine  it  to  a 
straight  line,  the  smaller  parts  of  the  cone  will 
be  diragged  along  the  .  ground,  and  the  friction 
greatly  increased.  Now  when  a  cart  moves  up- 
on conical  wheels,  one  part  of  the  cone  rolls 
while  the  other  is  dragged  along,  and  though 
confined  to  a  rectilineal  direction  by  external 
force,  their  natural  tendency  to  revolve  rom\d 
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their  vertex  occasions  a  great  and  continued  fric- 
tion upon  the  linch  pin,  the  shoulder  of  the  axle- 
tree,  and  the  sides  of  deep  ruts. 

The  shape  of  the  wheels  being  thus  determin- 
ed, we  must  now  attend  to  some  particular  parts 
of  their  construction.  The  iron  plates  of  which 
the  rims  are  composed  should  never  be  less  than 
3  inches  in  breadth,  as  narrower  rims  sink  deep 
mto  the  ground,  and  therefore  injure  the  roads 
and  fatigue  the  horses.  Mr.  Walker,  indeed,  at- 
tempts to  throw  ridicule  upon  the  act  of  parlia- 
y^  ^^  ment  which  enjoined  the  use  of  broad  wheels, 
wheels,  but  he  does  not  assign  any  sufficient  reason  for 
his  opinion,  and  ought  to  have  known,  that  se- 
veral excellent  and  well  devised  experiments  were 
lately  instituted  by  Boulard  and  Margueron,' 
which  evinced,  in  the  most  satisfactory  manner, 
the  great  utility  of  broad  wheds.  Upon  this 
subject  an  observation  occurs  to  us  which  has 
not  been  generally  attended  to,  and  which  ap- 
pears to  remove  all  the  objections  which  can  be 
urged  against  broad  rims.  When  any  load  is 
supported  upon  two  points,  each  point  supports 
one  half  of  the  weight ;  if  the  points  are  increas- 
ed to  four,  each  will  sustain  one  fourth  of  the 
load,  and  so  on,  the  pressure  upon  each  point 
of  support  diminishing  as  the  number  of  points 
increases.  If  a  weight,  therefore,  is  supported 
by  a  broad  surface,  the  points  of  support  are  in- 
finite in  number,  and  each  of  them  will  bear  aii 
infinitely  ^^1  portion  of  the  load ;  and,  in  the 
same  way,  every  finite  portion  of  this  surface 


pii  >' 


^  The  mepioir  which  contains  an  account  of  these  cz^ 
periments,  v^as  presented  to  the  Academy  of  Lyons,  and  ia 
published  in  the  Journal  de  Physique,  tonu  i^vcp  p.  .^24. 
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will  sustam  a  part  of  the  weight  inversely  pro- 
portional to  the  number  of  similar  portions  which 
the  surface  contains.  Let  us  now  suppose  that 
a  cart,  canying  a  load  of  16  hundred  weight,  is 
suppofted  upon  wheels  whose  rims  are  4  inches 
in  breadth^  and  that  one  of  the  wheels  passes 
over  4  stones,  each  of  them  an  inch  broad,  and 
equally  high,  and  capable  of  being  pulverized 
only  by  a  pressure  of  400  weight.  Then,  as 
each  wheel  sustains  one  half  of  the  load,  and  as 
the  wheel  which  passes  over  the  stones  has  4 
points  of  support,  each  stone  will  bear  a  weight 
of  200  weight,  and  therefore  will  not  be  broken. 
But  if  the  same  cart,  with  rims  only  2  inches  in 
breadth,  should  pass  the  same  way,  it  will  cover 
only  2  of  the  stones ;  and  the  wheel  having  now 
only  two  points  of  support,  each  stone  will  be 
pressed  with  a  weight  of  400  weight,  and  will 
therefore  be  reduced  to  powder.  Hence  we  may 
infer,  that  narrow  wheels  are,  in  another  point 
of  view,  injurious  to  the  roads,  by  pulvjerizing 
the  materials  of  which  they  are  composed. 

As  the  rims  of  wheels  wear  soonest  at  their  Pnetkal 
edges,  they  should  be  made  thinner  in  the  mid-  "*™'^"' 
die,  and  ought  to  be  fastened  to  the  fellies  with 
nails  of  such  a  kind,  that  their  heads  may  not 
rise  above  the  surface  of  the  rim.  la  some  mi- 
litary waggons,  we  have  seen  the  heads  of  these 
nails  rising  an  inch  above  the  rims,  which  not 
only  destroys  the  pavements  of  streets,  but  op- 
poses a  continual  resistance  to  the  modon  of  the 
wheel.  If  these  nails  were  8  in  number,  the 
wheel  would  experience  the  same  resistance  as  if 
it  had  to  surmount  8  obstacles,  1  inch  high,  dur- 
ing every  revolution.  The  fdlies  on  which  the 
rims  are  fixed  should,  in  carriages,  be  3j  inches 
4eep»  and  in  waggons  4  inches.    The  nav^ 
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should  be  thickest  at  the  place  where  the  qx>ke8 
are  inserted,  and  the  holes  in  which  the  spokes 
are  placed  should  not  be  bored  quite'  throi^,  as 
the  grease  upon  the  axle*tree  would  insinuate  it* 
self  between  the  spoke  and  the  nave,  and  pre* 
rent  that  close  adhesion  which  is  necessary  to  the 
strength  of  the  whed. 


/  On. the  Positum  of  the  Wheels. 

pent^n  of  It  must  naturally  occur  to  evoy  person  reflect- 
^"^  ^  ing  upon  this  subject,  that  the  axle-trees  should 
be  straight,  and  the  wheels  perfectly  parallel,  so 
that  they  may  not  be  wider  at  their  highest  than 
at  their  lowest  pcunt,  whether  they  are  of  a  coni- 
cal or  a  cylindrical  form.  In  this  country,  how- 
ever, the  wheels  are  always  made  concave,  and 

Dittdvan-  ^^  ^^jg  ^f  ^[^g  axle-trees  are  universally  bent 

bent'azie-  downwards,  in  order  to  make  them  spread  at  the 
trees.  ^Qp  and  approach  nearer  below.  In  some  carriages 
which  we  have  examined,  where  the  wheels  were 
only  4  feet  6  inches  in  diameter,  the  distance  of 
the  wheels  at  top  was  fully  6  feet,  and  their  dis- 
tance below  only  4  feet  8  inches.  By  this  fool- 
ish practice,  the  very  advantages  which  may  be 
derived  from*  the  concavity  c^  the  wheels  are 
completely  taken  away,  while  many  of  the  dis- 
advantages remain ;  more  room  is  taken  up  in 
the  coach-house,  and  the  carriage  is  more  liable 
to  be  overturned,  by  the  contraction  of  its  base. 
With  some  mechanics  it  is  a  practice  to  bend 
the  ends  of  the  axle-trees  forwards,  and  thus 
make  the  wheels  wider  behind'  than  before. 
This  blunder  has  been  strenuously  defended  by 
Mr.  Henry  Beighton,  who  maintains  that  wheels 
in  this  position -are  more  fiivourable  for  turning. 
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siocet  when'  the  wheels  are  parallel,  the  outer- 
ino8t  would  press  agamst  the  linch-pin,  and  the 
mnermost  would  rub  against  the  shoulder  of  the 
axle-tree.  In  rectilineal  motions,  however,  these 
convi^ging  wheels  engender  a  great  deal  of  fiic* 
tjoaj  both  on  the  axle  and  the  ground,  and  must 
therefore  be  more  disadvantageous  than  parallel 
ones.  This,  indeed^  is  allowed  by  Mr.  Beigh^ 
ton  I  but  he  seems  to  found  his  opinion  oipon  this 
principle,  that  as  the  roads  are  seldom  straight 
lines,  the  wheels  should  be  more  adapted  for 
curvilineal  than  for  rectilineal  motion.  In  what 
part  of  the  world  Mr.  Beighton  has  examined 
the  roads  we  cannot  say ;  but  of  this  we  are  sure, 
that  there  are  no  such  flexures  in  the  roads  of 
Scotland. 


On  the  Line  of  TVactianj  and  the  Method  by 
which  Horses  exert  their  Strength. 

M.  Camus,  a  gentleman  of  Lorrain,  was  the  Line  or 
first  person  who  treated  on  the  line  of  traction.^  tracdoo. 
He  attempted  to  shew  that  it  should  be  a  hori- 
zontal line,  or  rather  that  it  should  always  be 
parallel  to  the  ground  on  which  the  carriage  is 
moving,  both  because  the  horse  can  exert  his 
greatest  strength  in  this  direction,  and  because 
the  line  of  draught  bang  perpendicubr  to  the 
vertical  spoke  of  the  wheel,  acts  with  the  largest 
possible  lever.  M.  Ciouplet,'  however,  consi- 
dering that  the  roads  are  never  perfectly  level. 


'  Traitc  dcs  Forces  Mouvantcs,  p.  387. 
^  Reflcxiona,  aiir  le  tinigc  des  chaoettec,  Mrm.  de 
I'Acad.  Parist  1733)  Sto,  pp.  75,  8i$. 
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and  that  the  \irheels  are  constantly  sunnountmg 
small  eminences,  even  in  the  best  roads,  recom- 
mends the  line  of  traction  to  be  oblique  to  the 
PtATt  II,  horizon.  By  this  means  the  line  of  draught  HA^ 
*'  ^'  (which  is  by  far  too  much  inclined  in  the  figure), 
will  in  general  be  perpendicular  to  the  lever  AC 
which  mounts  the  eminence,  and  will  therefore 
act  with  the  longest  lever  when  there  is  the  great- 
est necessity  for  it.  We  ought  to  consider  also, 
that  when  a  horse  pulls  hard  against  any  load,  he 
always  brings  his  breast  nearer  the  ground,  and 
therefore  it  follows,  that  if  a  horizontal  line  of 
traction  is  preferable  to  all  others,  the  direction 
of  the  traces  should  be  inqlined  to  the  horizon 
when  the  horse  is  at  rest,  in  order  that  it  may  be 
horizontal  when  he  lowers  his  breast  and  exerts 
his  utmost  force.  ' 

Howhoncs  The  particular  manner,  however,  in  which  liv- 
•ttwti!*'  ^8  agents  exert  their  strength  against  great  toads, 
seems  to  have  been  unknown  both  to  Camus  and 
Couplet,  and  to  many  succeeding  writers  upon 
this  subject.  It  is  to  M.  Deparcieux,  an  excel- 
lent philosopher  and  ingenious  mechanic,  that 
we  are  indebted  for  the  only  accurate  informa- 
tion with  which  we  are  furnished ;  and  we  are 
sorry  to  see,  that  philosophers  who  flourished  af- 
ter him  have  overlooked  his  important  instruc* 
tions.  In  his  Memoir  on  the  draught  of  horses,' 
he  has  shewn,  in  the  most  satisfactory  manner, 
that  animals  draw  by  their  weight,  and  not  by 
the  force  of  their  muscles.  In  four-footed  imi- 
-  mals,  the  hinder  feet  is  the  fulcrum  of  the  lever 
by  which  their  weight  acts  against  the  load,  and 


'  Sur  le  Tinge  det  Chcvauz,  publi^d  in  the  Mem.  d^ 
I'Acad.  Paris,  1760,  4**,  p.  263,  8^,  p.  175. 
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when  the  animal  pulls  hard,  it  depresses  its 
chest,  and  thus  increases  the  lever  of  its  waght, 
and  diminishes  the  lever  by  which  the  load  resists 
its  efforts.  Thus,  let  P  be  the  load,  Z)^^  thePLATxn, 
line  of  traction,  and  let  us  suppose  FC  tobe^'^ 
the  hinder  leg  of  the  horse,  AF  part  of  its 
body,  A  its  chest  or  centre  of  gravity,  and  C£ 
the  level  road.  Then  AFC  will  represent  die 
crooked  lever  by  which  the  horse  acts,  which  is 
equivalent  to  the  straight  one  AC.  But  when 
the  horse's  weight  acts  downwards  at  A^  round 
C  as  a  centre,  so  as  to  drag  forward  the  rope 
ADy  and  raise  the  load  P,  CE  will  represent 
the  power  of  the  lever  in  this  position,  or  the  le- 
ver of  the  horse's  weight,  and  CF  the  lever  by 
which  it  is  resisted  by  the  load,  or  the  lever  oiF 
resistance.  Now,  if  the  horse  lowers  its  centre 
of  gravity  A^  which  it  always  does  when  it  pulls 
hard,  it  is  evident  that  CE^  the  lever  of  its  weight, 
will  be  increased,  while  CjP,  the  lever  of  its  re- 
sistance, will  be  diminished,  for  the  line  of  trac«« 
tion  AD  will  approach  nearer  to  CE.  Hence 
we  see  the  great  benefit  which  may  be  derived 
from  large  horses,  for  the  lever  AC  necessarily 
increases  with  their  size,  and  their  power  is  al- 
ways proportioned  to  the  length  of  this  lever, 
their  weight  remaining  the  same.  Large  horses, 
therefore,  and  other  animals,  will  draw  more  than 
small  ones,  even  though  they  have  less  muscular 
force,  and  are  unable  to  carry  such  a  heavy  bur- 
den.   The  force  of  the  muscles  tends  only  to 


^  It  m^y  be  imagioed  that  the  fore  feet  of  the  hone  pre-' 
yent  it  from  acting  in  this  manner ;- but  Deparcieuz  has 
shewn  by  c^eripient  that  the  fore  feet  bear  a  much  less  part 
^f  the  hone's  weight  when  he  draws  than  when  he  is  at  rest* 
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make  the  horse  carry  continually  forward,  his  cen- 
tre of  gravity  i  or,  in  other  words,  the  weight 
of  the  anioial  produces  the  draughty  and  the  play 
and  force, of  its  muscles  serve  to  continue  it.^ 
A^iSTrf      From  these  renarks,  then,  we  may  deduce  the 
txt^tioo.    I^roper  position,  of  the  line  of  traction.     When 
the  line  of  traction  is  horizontal,  as  ^Z>,  the  le- 
ver of  resistance  is  CF;  but  if  thi$  line  is  oblique 
to  the  horizon,  as  jid^  the  lever  of  resistance  is 
diminished  to  Cf^  while  the  lever,  of  the  horse's 
weight  remains  the  same« — ^Hence  it  appears, 
that  inclined  traces  are  much  more  advantageous 
than  horizontal  ones,  as  they  uniformly  diminish 
the  resistance  to  be  overcome.    Deparcieux,  how- 
ever, has  investigated  experimentadly  the  most 
favouraUe  angle  of  inclination,  and  found,  that 
when  the  angle  IXAF^  made  by  the  trace  jid^ 
and  a  hori2sontal  line  is  14  or   15  degrees,  the 
horses  pulled  with  the  greatest  facility  and  force. 
This  v<due  of  the  angle  of  draught  will  require 
die  height  of  the  spring-tree  bar,  to  which  the 
traces  are  attached  in  four-wheeled  carriages,  to 
be  one  half  of  the  heieht  of  that  part  of  the  horse's 
toreast  to  which  the  tore  end  of  the  traces  is  con- 
nected.^ 

Notwithstanding  the  great  utility  of  inclined 


'  When  I  first  compired  Deparcieux's  theory  with  the 
manner  in  which  horses  appear  to  ^rt  their  strength,  I 
was  inclined  to  suspect  its  accuracy ;  hut  a  circumstance 
occurred  which  removed  every  doubt  from  my  mind.  *  I  ob- 
served a  horse  making  continual  efforts  to  raise  a  heavy  load 
over  an  eminence.  After  many  fruitless  attempts,  it  rais6l 
-itt  fore  feet  completely  from  the  ground,  pressed  down  its 
head  and  chest,  and  instantly  surmounted  the  obstacle. 

^  This  height  is  about  4  feet  6  inches,  and  therefore  the 
height  of  the  spring4re(e  b|u:  should  be  only  2  feet  .3  inches, 
whereas  it  is  generally  3  feet. 
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traces,  it  will  not  be  easy  to  derive  complete  ad- 
vantage from  tliem  in  two-wheeled  carriages  with- 
out dmunishiiig  the  size  of  the  wheels.  In  all 
four-wheeled  carriages,  however,  they  niay  be 
easily  employed ;  an^  in  many  other  Cases  where 
wheels  are  not  concerned,  great  advantage  may 
be  derived  from  the  discovery  'of  Deparcieiix. 


t  I 
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Oil  the  Position  (tf  the  Centre  of  Graxnty^  and  the 
manlier  of  Disposing  the  Load. 

From  Mr.  Ferguisbn's  observations  xm  the  cen-  Position  of 
tre  of  gravity,^  it  must  be  evident,  that  if  the^yj^JJ'y 
axle-tree  of  a  two-wheeled  carriage  passes  through 
the  centre  of  gravity  of  the  load,  the  carriage 
will  be  in  equilibrio  m  every  positioh  in  which  it 
can  be  placed  with  respect  to  the  axle-tree,  and 
in  going  up  and  down  hill,  the  whole  load  will 
be  sustained  by  the  wheels,  and  will  have  no  ten- 
dency either  to  press  the  horse  to  the  ground  or 
to  raise  him  from  it.  But  if  the  centre  of  gravi- 
ty is  far  above  the  axletree,  as  it  must  necessa- 
rily be  according  to  the  present  construction  of 
wheel  carriages,  a  great  part  of  the  load  will  be 
thrown  on  the  back  of  the  horses  from  the 
wheels,  when  going  down  a  steep  road,  and  thus 
tend  to  accelerate  the  motion  of  the  carriage, 
which  the  animal  is  striving  to  prevent ;  while 
in  ascending  steep  roads  a  part  of  the  load  will 
be  thrown  behind  the  wheels,  and  tend  to  rsuse 
the  horse  from  the  ground,  when  there  is  the 
greatest  necessity  for  some  weight  on  his  back, 
to  enable  him  to  fix  his  feet  on  the  earth,  and 


*  Vol.  i,  page  17. 
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overcome  the  great  resistance  which  is  occasion^ 
ed  by  the  steepness  of  the  road.  On  the  contra^ 
ry,  if  the  centre  of  gravity  is  below  the  axle,  the 
horse  will  be  pressed  to  the  ground  in  going  up 
hilly  and  lifted  from  it  when  going  down.  In 
all  diese  cases^  therefore^  where  the  centre  of  gnu- 
vity  is  either  in  the  axletree,  or  directly  above 
or  below  it»  the  horse  will  b^  no  part  of  the 
load  in  level  ground  :  In  some  situations  the  ani- 
mal will  be  lined  from  the  ground  when  there  is 
the  greatest  necessity  for  his  being  pressed  to  it, 
and  he  will  sometimes  bear  a  great  proportion  of 
the  load  when  he  should  rather  be  rdieved  from 
it. 

The  only  way  of  remedying  these  evils  is  to 
assign  such  a  position  to  the  centre  of  gravity, 
that  the  horse  may  bear  some  portion  of  the 
load  when  he  must  exert  great  force  aeainst  it ; 
that  is,  in  level  ground,  and  when  he  is  as« 
cending  steep  roads; — ^for  no  animal  can  pull 
with  its  greatest  efibrt,  unless  it  is  pressed  to 
the  ground.  Now,  this  may,  in  some  measure, 
phteii,  be  effected  in  the  following  manner.  Let 
^«-  S'  £CN^  be  the  wheel  of  a  cart,  jiD  one  of  the 
^^  shafts,  D  that  part  of  it  where  the  cart  is  sus- 
pendei  on  the  back  of  the  horse,  and  ji  the 
axletree ;  then,  if  the  centre  of  gravity  of  the 
load  is  placed  at  m,  a  point  equidistant  nrom  the 
two  wheels,  but  below  the  line  i)^,  and  before 
the  axletree,  the  horse  will  bear  a  certain  weight 
on  level  ground,  a  greater  weight  when  he  is 
going  up  hill  and  has  more  occasion  for  it,  and 
a  less  weight' when  he  is  going  down  hill  and 
does  not  require  to  be  pressedfto  the  ground. 
All  this  will  be  evident  from  the  figure,  when 
we  recollect,  that  if  the  shaft  DA  is  norizQntal, 
the  centre  of  gravity  will  press  more  upon  the 
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pomt  of  suspension  D  the  nearer  it  comes  to  it ; 
or,  the  pressure  upon  1),  or  the  horse's  back, 
will  be  proportional  to  the' distance  of  the  centre 
of  gravity  from  A,  If  iw,  therefore,  be  the 
centre  of  gravity,  bA  will  represent  its  pressure 
upon  Z),  when  the  shaft  DA  is  horizontal. 
When  the  cart  is  ascending  a  steep  road,  AH 
will  be  the  position  of  the  shaft,  the  centre  of 
gravity  will  be  raised  to  a,  and  aA  will  be  the 
pressure  upon  D.  But  if  the  cart  is  going  down 
hill,  AC  will  be  the  position  of  the  shaft,  the 
centre  of  gravity  will  be  depressed  to  n,  and  cA 
will  represent  tne  pressure  upon  the  horse's  back* 
The  weight  sustained  by  the  horse,  therefore, 
is  properly  regulated,  by  placing  the  centre  of 
gravity  at  m*  We  have  sdll,  however,  to  deter- 
mine the  proper  length  of  ba  and  bm^  the  dis- 
tance of  the  centre  of  gravity  from  the  axle, 
and  from  the  horizontal  Ime  DA;  but  theses  de- 
pend upon  the  nature  and  inclination  of  the 
roads,  upon  the  length  of  the  shaft  DA^  which 
varies  with  the  size  of  the  horse,  on  the  magni- 
tude of  the  load,  and  on  other  variable  circum- 
stances, it  would  be  impossible  to  fix  their  value. 
If  the  load  along  with  the  cart  weighs  400 
pounds,  if  the  distance  DA  be  8  feet,  and  if  the 
horse  should  bear  50  pounds  of  the  weight,  then 
bA  ought  to  be  1  foot,  which  being  j-  of  DA, 
will  m^e  the  pressure  upon  D  exactly  50 
pounds.  If  the  road  slopes  4  inches  in  1  foot, 
hm  must  be  4  inches,  or  the  angle  bAm  should 
be  equal  to  the  inclination  of  the  road,  for  then 
the  point  m  will  rise  to  a  when  ascending  such 
a  road,  an4  will  press,  with  its  greatest  force,  on 
the  back  of  the  horse. 

When  carts  are  not  constructed  in  this  man-  Method  or 
ner,  we  may,  in  some  degree,  obtain  the  same  ^^^^ 
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end,  by  judiciously  disposipg  the  load.  Let  us 
suppose  that  the  centre  of  gi^vity  is  at  0,  when 
the  cart  is  loaded  with  homogeneous  materials, 
such  as  sand^  lime,  &c.  then,  if  the  load^  is  to 
consist  iof  heterogeneous  substances,  or  bodies 
of  different  weights,  we  should  place  the  heaviest 
at  the  bottom  and  nearest  the  front,  which  will 
not  only  lower  the  point  O;  but  will  bring  it  for- 
ward, and  nearfer  the  profper  poatioii^  ^.  Part 
of  the  load,  too,  might  be  suspended'  below  the 
fore  part  of  the  carriage  In  dry  xVeath^r,  and  the 
centre  of  gravity  would  api»roach  still  x^earer  the 
point  77^  When  the  point  w  :is  thus  depressed, 
the  weight  on  the  horse  is  not  only  judiciously 
regulated,  but  the  -cart  will  be  prevented  from 
overturning,  and  in  nigged  roads  the  weight  sus- 
tained by  each  wheel  Will  be  in  a  great  degree 
equalized. 

In  loading  four-wheeled  carriages,  great  care 
should  be  taken  not  to  throw  much  of  the  load 
upon  the  fore  wheels,  as  they  would  otherwise 
be  forced  deep  into  the  ground,'  and  require 
great  force  to  pull  them  forward.  In  some 
modem  carriages  this  is  very  little  attended  to. 
The  coachman's  seat  is  sometimes  enliarged  so  as 
to  hold  two  persons,  and  all  the  baggage  is  gene- 
rally placed  in  the  front  directly  above  the  fore- 
wheek.  By  this  means,  the  greatest  part  of  the 
load  is  upon  the  small  wheels,  and  the  draught 
becomes  doubly  severe  for  the  poor  animals,  who 
must  thus  unnecessarily  suffer  for  the  ignorance 
and  folly  of  man* 
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ON  THE  THRASHINO  MACHINE. 

In  a  country  like  this,  where  agriculture  hasutflieyof 
arrived  at  such  a  high  state  of  perfection,  the|^,^!J 
utility  of  thrashing  machines  cannot  easily  beiflfiibow. 
called  in  quesibn*    The  universal  prevalence  of 
these   engines  is  a  strong  proof  that  they  are 
advantageous^lo   the   farmer;    and,    however 
much  some  men  may  inveigh  against  the  adop- 
tion of  every  kind  of  maclunery  that  has  for  its 
object  the   abridgement  of  manual  labour,  yet 
we   are  convinced,   that  no   evil  consequences 
can  possibly   accrue   from  their   introduction; 
and  that  such  insinuations  have  a  tendency  to 
inflame  the  minds  of  the  vulgar,  and  retard  the 
progress  of  science.     As  a  proof  of  this,   we    . 
mi^t  mention  the  fate  of  the  celebrated  Ark« 
wnght,  the  inventor  of  the  fly-shuttle,  whom  the 
fury  of  an  English  rabble  banished  from  his  na. 
Ove  country. 

The  thrashing  machine  was  invented  in  Scot-  Wtttnj  of 
land,  in  1738,  after  five  years  labour,  by  Mr.^j!^*** 
Michael  Stirling,  a  farmer  in  Perthshire.    TheSuM. 
honour  of  this  invention  has  been  claimed  by 
Mr.  Andrew  Meikle,  an  ingenious  milUwright 
in  East  Lothian,  who  obtained  a  patent  for  one 
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of  these  machines,  about  the  year  1785 ;  and  in 
this  country  his  claims  have  been  generally  ad- 
mitted.  Mn  Meikle,  however,  was  merely  an 
improver  of  the  thrashing  machine,  and  I  am 
assured  by  a  gentleman  of  the  most  unquestion- 
able authority,  who,  from  his  local  situation, 
had  access  to  the  best  information,  that  Mr. 
Meikle  had  seen  Mr.  Stirling's  thrashing  ma- 
chine before  he  erected  any  of  his  own,  and  that 
he  merely  altered  and  improved  it.  About  26 
years  prior  to  the  date  of  Mr.  Stirling's  inven- 
tion, a  thrashing  machine  was  constructed  in 
Edinburgh,  by  Mr.  Michael  Menzies,  which  ope- 
irated  by  the  elevation  and  depresdon  of  a 
number  of  flails,  by  mieans  of  the  motion  of  a 
crank ;  and,  in  1 TB?,  the  model  of  a  thrashing 
mill,  invented  by  Mr.  Evers  of  Yorkshire,  was 
laid  before  the  Society  of  arts  m  London,  who 
rewarded  the  inventor  with  a  premium  of  60 
pounds.  This  machine,  which  was  driven  by 
wind,  ccMisisted  of  a  number  of  stampers,  that 
beat  out  the  grain  when  laid  upon  a  moveable 
thrashing  floor,  and  was  actually  used  on  a 
large  8(^e  in  Yorkshire,  where  it  received  the 
approbation  of  several  intelligent  gentlemen  of 
the  county/  All  these  machines,  however,  and 
others  of  a  similar  kind,  with  which  the  public 
are  perpetually  harassed,  are  completely  defec- 
tive in  principle,  and  are  greatly  inferior  to  the 
worst  of  those  now  in  use,  which  operate  by  the 
revolution  of  a  thrashing  scutch  furnished  with 
beaters, — ^the  exclusive  invention  of  our  country- 
man Mr.  Stirling. 


'  Bailqr^s  Drawings  of  Machines  laid  before  tlie  Society 
of  Artfi  vol.  i,  pp.  54^9* 
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On  Thrashing  Machines  driven  by  ffiater. 

In  Kg.  1 ,  Plate  VII,  jiB  is  an  undershot  water  t»iatc  vii, 
wheel,  which  drives  the  machinery.     On  its  axis  ^***  ** 
is  fixed  the  spur-wheel  CD,  furnished  with  150^2ill«^ 
teeth^  which  impel  the  pinion  fc,  containing  25  ^'ma  by 
tijeth*     On  the  axis  H  of  the  pinioh  b  is  plac-  ^^"' 
ed  another  wheel  £,  Carrying  72  teeth,  which 
take  into  the  15  leaves  of  the  pinion  t.     The 
axle  XX   oi  the  thrashing  scutch^   represented 
more  distinctly  in  Fig.  2,  hy  yxy^  is  fastened 
upon  the  same  axis  with  the  pimon  c,  and  is 
therefore  c^irHed  round  with  the  same  velocity. 
The  thrashing  scutch^  a  section  of  which  mav 
be  seen  in  Fig.  3,  is  generally  furnished  witn  iig.  3. 
four,  and  sometimes  with  a  greater  number  of 
beaterif  yy^  whose  surfaces,  o,  0,  ai-e  Covered 
with  iron  rounded  oflF  at  the  edges,  in  order 
to  prevent  them  from  cutting  the  stra'^.    When 
these  beaters  strike  upwards,  the  scutch  must 
be  contained  in  a  hollow  cylinder  of  wood  mn^ 
so  that  the  tops  y,  y^  0,  0,  of  the  beaters  may- 
be above  it ;  in  which  ca^,  the  scutch  is  called 
the  thrashing  drum.   But  wheti  the  beaters  strike 
downwards,  th^re  is  no  occasion  for  covering  it 
with  boai'ds. 

The  gudgeon  of  the  ixis  H  carries  a  wheel  i 
of  22  teeth,  which  acts  upon  the  wheel  h  with 
18  teeth ;  on  the  axis  h  e  is  fixed  anodier  wheel 
e  with  1 7  teeth,  that  drives  the  crown  wheel  d, 
furnished  with  diree  rows  of  teeth,  IS,  17»  .luid 
21, 'which,  by  nieuis  of  the  spindle  JS,  gived 
motioiii  to  one  of  the  feeding  rollers,  not  visible, 
in  Fig.  1,  but  i'ef^feseftted  distiftc^^^  in 

Fig.  $(•    On  the  akisof  the  upper  £eedi^^  roller 
Rk  18  placed  a  small  pinion,  which  idnves  the 
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under  feeding  roller  by  acting  upon  another 
pinion^  with  the  same  number  of  teeth,  fixed 
upon  its  spindle.  The  two  feeding  rollers, 
which  are  generally  3^  inches  in  diameter,  are 
fluted,  or  cut  into  small  leaves  like  pinions,  so 
that  the  leaves  of  the  one  may  take  into  the 
leaves  of  the  other ;  and  their  gudgeons  move 
in  mortises  of  such  a  nature,  that  the  upper 
roller  may  rise  in  its  frame,  and  the  under 
one  remove  from  the  beaters,  when  400  much 
com  is  admitted  between  them.  In  order  that 
the  velocity  of  the  rollers  may  be  increased  and 
diminishea  at  pleasure,  according  to  the  nature 
of  the  com  to  be  thrashed,  the  wheel  e  is  made 
to  shift  on  its  axis  so  as  to  act  upon  any  of  the 
three  rows  of  teeth  in  the  crown  wheel  d^  which 
enable  us  to  communicate  three  different  degrees 
of  velocity  to  the  rollers. 

As  the  machinery  which  drives  the  straw- 
shavker  interferes,  in  Fig.  1,  with  that  which 
gives  motion  to  the  fluted  rollers,  it  will  be  seen 
rtg.%.  m  Fig.  2,  which  is  a  plan  of  the  machine  where 
the  corresponding  parts  are  marked  by  similar 
lietters.  The  wheels  6,  £,  c,  in  Fig.  1 ,  are  not 
represented  in  this  figure,  but  fT  is  the  extremi- 
ty of  the  axle  on  which  E  and  b  are  fixed.  The 
small  wheel  t  of  22  teeth,  fixed  upon  the  extre« 
mity  of  the  gudgeon  i  H  gives  motion  to  9n,  a 
wheel  of  1 7  teeth,  which,  by  the  intervention  of 
the  spindle  m  n  and  wheel  n  of  24  teeth,  drives 
o,  a  wheel  carrying  S4  teeth.*     On  the  same 

•  . . , 

*  The  dimeouoot  of  the  thnMhing  machinet  here  de* 
scribed  are  chiefly  taken  from  Gray's  Experienced  Mill* 
Wright,  a  book  of  great  utility  in  a  manufacturing  countiy* 
It  consists  chiefly  of  plans,  sections,  and  elevations,  of  dif. 
ferent  machines,  which  the  author  himself  has  either 
erected,  or  whose  construction  he  has  immediately  super- 
intended.   We  are  afiiid,  howefcr,  that  Mr.  Gray  baa 
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axis  ^th  0  is  fixed  the  straw-shaker  KK^  on 
whose  cross  arms  are  fastened  the  rakes  z  r,  fur* 
nished  with  a  number  of  iron,  or  wooden,  teeth, 
which  carry  off  the  straw,  while  the  gnun  fdls 
down  into  the  fanners.  The  axis  of  these  fan- 
ners p  qj  Fig.  1,  is  put  in  motion  by  the  belt  pp 
passing  over  the  two  rollers  p^  p.  A  section 
of  the  straw-shaker  is  shewn  in  Fig.  4, 
where  K  is  its  axle,  z,  z,  its  arms,  and  r,  r, 
&c.  the  teeth  fastened  at  the  extremity  of  these 
arms. 

That  the  reader  may  have  a  distinct  idea  of  y^'*^^^ 
the  thrashing  machine,  we  have  calculated  the^,, 
following  table,  which  exhibits  the  number  of 
teeth  in  the  wheels,  and  the  velocity  of  its  dif- 
ferent parts.  It  is  scarcely  necessary  to  premise, 
that  when  one  wheel  drives  another,  the  num- 
ber of  turns,  or  parts  of  a  turn,  performed  by 
the  wheel  which  is  driven,  is  represented  by  a 
fraction,  whose  numerator  is  the  number  of  teeth 
in  the  wheel  that  gives  the  motion,  and  whose 
denominator  is  the  number  of  teeth  in  the  wheel 
which  receives  it.  Thus,  a  wheel  with  25  teeth, » 
driven  by  another  with  150,  will  perform  *^, 
or  six  revolutions  for  one  revolution  of  the  im- 
pelling wheel;  and  a  wheel  with  16  teeth, 
driven  by  a  pinion  with  8  teeth,  will  make  ^z^ 
or  T  of  a  turn  for  one  revolution  of  the  pinion. 
When  two  or  more  wheels  are  upon  the  same 
axis,  they  all  perform  the  same  number  of  revo- 
lutions,   however  different  be  their  magnitude 


not  rendered  these  machines  sufficiently  intelligihle  to  the 
uninstructed  mechanic,  from  the  great  brevity  of  his  de- 
scriptions ;  andy  we  hope,  if  his  work  reaches  a  second 
edition,  is  we  tmst  it  will,  that  he  will  take  advantage  of 
this  fxiendly  hint. 
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^d  the  number  of  teeth  i,  tliou^  the  velocities  of 
their  circumferences  may^  .be  widely  different. 

In  the  foUowuig  taUe,  we  have  caloulate4 
merely  the  numbef  ot  turns  made  by  eacl^ 
wheel  for  one  turn  of  the  water  wheel;  but 
^hen  tjie  number  of  revolutions  performed  by 
the  water  wheel  in  a  Sjecpnd  is  ki^own,  we  have 
only  to  multiply  the  quantities  in  die  third  column 
by  this  number,  in  order  to  find  the  number  of 
turns  which  each  wheel  makes  in  the  same  dme. 


ff-» 


iMames  of  tbe  wheels. 


PUtc  VII,  Fig.  I  &  0. 
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The  working  ^  parts  of  the  thrashing  machine 
bong  thus  described^  the  manner  of  its  operation 
will  be  easily  undCTstpod.  '  The  sheayes  of  com 
are  spread 'ui)on  an  inclined  board  0,  called  the 
feeding  board,  and  introduced  between  the  flut^ 
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ed  rollers,  a  *  section  of  which  is  distincly  visible 
at  if,  in  Figure  3.  The  com  is  held  fast^*»^viii, 
by  these  rollers,  which  are  only  about  xtiree  ''*^' 
quarters  of  an  inch  from  the  beaters,  while  tite 
thrashing  drum,  or  scutch,  revolving  with  iot- 
mense  rapidity  and  force,  separates  the  graii^ 
from  the  straw,  by  the  repeated  strokes  of  the 
beaters.  P^  of  the  grain  falls  through  fb^ 
heck  or  scarce  i  r,  into  a  lai^e  hopper,  which 
conducts  it  to  the  fanners,  and  some  of  it  is  car- 
ried along  with  the  straw  into  the  other  heck  r  J&, 
whet^  it  falls  into  the  hopper,  while  the  straw  is 
cleared  away  by  the  rakes  z  of  the  straw-shaker; 
and  thrown  out  at  the  opening  up  into  the  lowet 
part  of  the  bam.    . 

In  some  thrashing  machines  driven  by  virater*, 
the  motion  is  conveyed  to  the  thrashihe  scutch, 
by  means  of  a  long  perpendicular  axis.  T|ve  - 
lower  extremity  of  the  axis  is  furnished  with  It 
pinion,  which  is  driven  by  a  spiir-wheel,  wftji 
teeth  perpendicular  to  its  plane,  placed  dpon  tfale 
axis  of  the  water  wheel.  A  large  horizontsif 
wheel  is  fixed  on  the  top,  of  this  long  axle,  which 
acts  upon  a  pinion  fastened  upon  the  axis  of  the 
thrashing-drum. 


On  Thrashing  Machines  driven  hy  Horses. 

Wherever  a  sufficient  quantity  of  water  canTknrfuog 
be  procured,  it  should  always  be  employed  as^jJ^J*? 
the    impelling   power   of  thrashing   machines,  honei. 
There  are  many  situations,  however,  in  which 
it  cannot  be  bbtained;  ind  as  the  erection  of 
steam-en^es  and  wind-mills  would  be  too  ex- 
pensive tor  the  generality  of  farmers,  they  are 
under  the  necessity  of  having  riecoune  to  animal  PUte  vm, 
power.    In  Plate  VIH,  Fig.  fj-fc  represented  a  •'*• 
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thrashing  machuie^  which  may  be  ^driven  by  four 
or  six  horses.  .  To  the  vertical  axis  M  six  strong 
bars  are  fixed ,  called  the  horse  polls,  four  of 
which,  P,  Ry  Sy  Ly  are  visible  in  the  figure,  and 
to.  the  extremity  of  each  of  these  poles  two  pieces 
of  wood,  like  o/>,  are  attached,  to  which  the 
horses  are  yoked  when  the  machine  is  to  be 
used.  Upon  the  top  of  the  six  poles  is  placed 
the  large  bevelled  wheel  ABy  containing  270 
teeth,  which  drives  the  pinion  BC  of  40  teeth ; 
on  the  axle  N  is  also  fixed  the  wheel  DD,  which 
carries  84  teeth,  and  drives  the  pinion  &  of  24 
teeth,  placed  upon  the  axle  T*  h.  Upon  the  same 
axis  the  wheel  EE  revolves,  carrying  66  teeth, 
which  drive  the  pinion  c  of  15  teeth,  and  conse- 
quently  the  thrashing-drum  xxy  which  is  fixed 
upon  die  same  axle.  Tlie  feeding  rollers  are 
dnvenbythe  intervention  of  the  four  bevelled 
wheels  f,  hy  Cy  dy  the  latter  of  which  is  fast* 
ened  on  the  axis  of  the  upper  feeding  roller. 
The  wheel  f,  upon  the  gudgeon  f  by  contains  25 
|eeth,  the  wheel  h  24  teeth,  e  22  teeth,  and  d 
81  teeth ;  but  when  the  fluted  rollers  require  a 
greater  velocity,  e  is  taken  fxx>m  its  iron  axle, 
and  a  greater  or  less  wheel  substituted  in  its  room. 
The  short  axle  bkis  furnished  with  a  pulley  />, 
which,  by  means  of  the  leathern  belt  jb/>,  gives 
motion  to  the  fanners  placed  below  the  thrashing 
scutch  and  straw-shaker. 
Fi^.  2.  Fig.  2  represents  a  plan  of  the  wheels,  thrash- 

ing-drum, and  straw-shaker,  where  the  corre- 
sponding parts,  in  Fig.  1,  are  marked  with  simi- 
lar letters.  The  small  wheels  g  and  hy  however, 
which  convey  motion  to  the  straw-shaker,  are 
not  seen  in  Fig.  1 .  The  largest  one  g  is  fixed 
on  the  axis  A,  and  carries  38  teeth.  It  drives  k, 
whi^h  contains  14  teeth,  and  is  placed  upon  the 
axis  of  the  straw^diaker  KK. 
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An  elevation  of  the  working  parts  of  the  ma- 
chine is  delineated  in  Fig.  S,  where  the  corre-  Rg.  3. 
sponding  parts  in  the  plan  and  section  have  the 
same  letters  affixed  to  them.  1  he  sheaves  of 
com  are  spread  on  the  feeding  board  0,  drawn 
in  by  the  rollers  i.  /,  and  thrashed  by  the  beaters 
0,  09  which  strike  downward.  Part  of  the  com 
falls  through  the  heck  i  r,  and  some  part  of  it  is 
carried  along  with  the  straw  into  the  larger 
heck  rPf  where  it  fells  into  the  hopper  below, 
while  the  straw  is  thrown  out  at  the  opening  np» 
TThe  drum  and  straw-shaker  are  surrounded  with 
a  covering  of  wood  i  m  n.  The  following  table 
exhibits,  at  one  view,  the  number  of  teeth  in  the 
wheels,  and  the  different  vdocities  with  which 
they  move. 


1 

Names  of  the  wheck. 

NtuBWef 

teetk  io  each 

wImcL 

Number  of  turtit  for 
one  of  the  wheel: 

Phte  VIU,  Fig.  i,  3. 4.      | 

Teeth. 

Torni.  Dec 

ylB 

270 

1.000 

BC 

40 

6.750 

DD 

84 

6.750 

h 

24 

23.625 

EE 

66 

23.625 

c 

15 

103.950 

'I'hrashing-scutch. 

0 

38 

103.950 
6.750 

k 

14 

18.293 

Straw-shaker. 

0 

18.293 

• 

t 

25 

28.625 

•  h 

24 

24.617 

e 

22 

26.857 

d 

21 

28.199 

Feeding  Rollers. 

0 

28.199 

...J     1 
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Driven  by  In  situations  where  there  is  an  occasional  sup- 
water.  *°*  P'y  ^f  water,  thrashing  machines  are  sometimes 
con^ructed  so  as  to  be  driven  either  by  horses 
or  water.  In  this  case,  the  water-wheel  has 
the  position  LH^  Fig.  1,  and  is  furnished  with 
a  large  wheel  GH  consisting  of  segments  of  cast 
iron  firmly  fixed  to  the  arms  of  the  water-wheel. 
The  wheel  GH  drives  FO,  and  thus  communi- 
cates motion  to  the  horizontal  shaft  iV,  and  the 
Jest  of  the  machinery.  When  there  is  no  water 
for  impelling  the  mill,  the  water-wheel  LH  is 
either  lowered  in  its  frame,  or  one  of  the  seg- 
ments is  taken  from  the  wheel  GH^  in  order  to 
keep,  it  clear  of  the  wheel  FG;  and  Vhen  there 
is  a  sufficient  discharge  of  water  CB  is  eithar 
raised  above  AB^  or  AB  is  deprived  of  a  few 
teeth,  which  can  be  screwed  and  unscrewed  at 
pleasure.  Sometimes,  when  there  is  ^  small  sup- 
ply of  w^ter,  its  energy  may  be  combined  wit|i 
the  exertion  of  one  or  two  horses, 
priven  by  If  the  thrashing  machine  is  to  t>e  driven  by 
TtTzBu^  wind,  the  motion  is  conveyed  to  the  axle  iV,  by 
the  small  wheel  mC,  fixed  at  the  bottom  of  the 
vertical  axis  n,  which  i^  moved  by  the  wheel 
upon  the  winflshaft.  If  the  mill  is  to' be  moved 
by  stesun,  the  large  fly  must  be  fixed  on  the  axis 
Ny  parallel  to  Jhe  horizon. 
ffg.4.  l^g.  4  repijesents  a  thl^hing  machine  of  a 

very  simple  construction,  which  n^ay  be  driven 
by  two  6r  three  horses.  The  large  wheel  and 
pinion,  corresponding  With  AB  and  BC^  in 
r  ig.  1  i  are  not  delineated  in  the  figure,  but  the 
former  contains  l66,  and  the  latter  19,  teeth. 
On  the  shaft  N  is  fastened  the  wheel  Z)D, 
which  carries  80  teeth,  and  drives  the  pinion  c 
of  9  teeth,  and  consequently  the  thrashing-drum, 
which  is  fixed  on  its  axis.  The  straw-shaker  is 
turned  by  meaxis  of  the  leathern  belt  h  i  passr 


ix^  over  die  pull^s  h  and  f ,  tt)e  fluted  rollers  |>y 
^e  belt  k  nij  and  the  fenners  bv  the  rope  d  e. 

I  have '  sef^iL;  a  thrashing  mill  of  tlus  simple 
construction  belonging  to  Hercules  Ross,  Esq.  of 
Rossie,  M^ch  was  dnven  by  spc  horses.  The  plat« 
large  ^heel,  corresponding  with  jiB^  had  144^."'-^ 
teeth,  9n4:the  pinion,  corr^ppi)di])g  with  BC,  liad  * ' ' 
14  teeth.  The  wheel  DD  had  80  teeth,  a|id  the 
pinion  c  8,  The  straw-shaker  and  fluted  rollers 
were  driven  by  belts,  and  the  fanners  by  a  rope 
passing  over  a  groove  in  t\ie  large  wheel  DD^ 
The  thrashing-drum  revolved  103  times  for 
every  ti^m  of  the  horses ;  whereas  the  drum  in 
^e  machine,  represented  in  Fig.  4,  perfonped 
9nly  79  revQlutions  in  the  same  time.  In  the 
first  case>  howeyeir,  the  horse  walk  was  of  such 
a  size  that  the  hoiises  performed  only  3  turns 
ip;  a  minyte;  while,,  in  the  latter,  the  horses 
^6:  supposed  to  m^ke  4  revolutiotis  in  a  minute. 
The  velocity, .  thei-efore,  /of  the  former  will  be 
4x7Q=3l6,  2fi^  the  VelQcity  of  the  latter 
3X103=309. 

When  thr^s^iqg  milU  began  to  be  generally 
^dopte4  in  thip  country,  they  were  constructed 
according  to  the.  plan  represented  in  Fig.  5.rig.5, 
The  wheel  ji^  has  276  cogs,. 6  H^  the  crown 
\vheel  c  84,  d  16.  The  thrashingrdrum  is 
fixed  on  the  axis  m  dj  and  the  fimners,  straw- 
shaker,  ^4  fluted  roller^,  are  moyed  by  leathern 
belts. 

A  thrashing  machine  for  small  fym\s^  wl^icb  ^  '°^^ 
can  be  wrought  by  ^  single  hor^,  has   long  l^^jj^"^^ 
been   a  desideratum  in   mechanics,   and  every  dettdcn^ 
attempt  to  construct  one  on  a  small  scale  seems  JJ^jJ^^ 
to  have  coippletely  failed.     While  examining 
the  causes  of  this  failure,   I  have  thought  of 
fffJVte  methods  by  whif h  they  may  \)e  parti^y, 
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removed,  and  of  a  machine  which  might  be  im-^ 
pelled  by  one  horse,  or  by  two  or  three  men 
working  at  a  winch.  The  description  of  this 
simple  engine  I  ein>ected  to  have  communi* 
cated  in  this  article ;  but  a  desire  to  im- 
prove it  as  much  as  possible,  has  induced  me 
to  defer  its  publication  to  some  futiuie  oppor- 
tunity. 


On  the  Power  of  Thrashing  Machines. 

Power  of  The  quantity  of  com  which  a  machine 
thriAing  ^^l  thrash  in  a  riven  time,  depends  so  mudi 
upon  the  judiaous  formation  and  position  of 
its  parts,  mat  one  machine  will  often  perform 
double  the  work  of  another,  though  construct- 
ed  upon  the  same  principles,  and  driven  by 
the  same  impelling  power.  Misled  by  this  dr* 
cumstance,  those  who  have  riven  an  account 
of  the  power  of  their  thrasnin^  mills,  have 
published  merely  the  number  of  bolls  which 
they  can  thrasn  in  a  riven  thne,  without 
mentioning  the  quantity  ot  impelling  power,  or 
the  number  of  horses  employed  to  dnve  them. 

Mr.  Fenwick,  whose  labours  in  practical  rae» 
chanics  we  have  already  mentioned  with  com- 
mendation, has  furnished  us  with  some  import- 
ant information  upon  this  point.  He  found, 
from  a  variety  of  experiments,  that  a  power 
capable  of  raising  a  weight  of  1000  pounds, 
^  with    a  velocity  of  15  feet  per   minute,    will 

thrash  two  bolls  of  wheat  in  an  hour  ;  and 
that  a  power  sufficient  to  raise  the  same  weight, 
with  a  velocity  of  22  feet  per  minute,  will 
thrash  three  bolis  of  the  same  grain  in  an 
Jiour.     From  these  facts,  Mr.  Fenwick  has  corn* 
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puted  the  foUomng  table,  which  is  applicable 
to  machines  that  are  driven  either  by  water  or 
horses. 

Table  of  the  Fewer  of  Thrashing  Machines. 


Gallons  of 

GiUoas  of 

Gallons  of 

Num- 

Bolls 

BolU 

water  per 

water  per 

water  per 

ber  of 

of 

thrashed 

minute,  ale 

minute,  ale 

minute,  ale 

horses 

wheat 

">9i 

measure. 

measure. 

measure. 

work- 

thrash- 

hours 

discharged 

diicharged 

discharged 

ing  94 

ed  in 

actual 

on  an 

on  an 

on  an 

hours. 

an 

working. 

OTenhot 

orenhot 

OTershot 

hour. 

or  in  a  day. 

wheel  10 

wheel  X5 

wheel  %o 

0 

feet  in 

feet  in 

feet  in 

diameter. 

diameter. 

diameter. 

230 

160 

130 

1 

2 

19 

390 

296 

205 

2 

3 

281 

528 

S80 

272 

3 

5 

471- 

660 

470 

340 

4 

7 

661. 

790 

565 

400 

5 

9 

85i 

970 

680 

500 

6 

10 

95 

1 

2 

3 

4 

5 

6 

The  four  first  columns  of  the  preceding  table 
contain  different  quantities  of  impelling  power, 
and  the  two  last  exhibit  the  number  of  bolls 
of  wheat  in  Winchester  measure,  which  such 
powers  are  capable  of  thrashing  in  an  hour,  or 
m  a  day.  Six  horses,  for  example,  are  capable 
of  thrashing  10  bolls  of  wheat  in  an  hour,  or 
95 .  in  the  space  of  97  hours,  or  a  working 
day ;  and  680  gallons  oiP  water  discharged  during 
a  minute  into  me  buckets  of  an  overshot  watei; 
wheel  15  feet  in  diameter,  will  thrash  the  same 
quantity  of  grain. 
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OK  THE  NATURE  OF  FRICTION,  AND  THtt 
METHOD  OP  DIMINISHING  ITS  EFFECTS  IN 
MACHINERY. 

impdrttiice  X  HE  resistance  which  friction  generates  in  the 
Sf ^  thelw^  communicfiting  parts  of  machinery  is  so  power- 
tore  And  ful,  and  the  consequent  defalcation  from  the  im« 
frTcti* ^^  polling  power  is  so  great,  that  a  knowledge  of 
Its  nature  and  effects  must  be  of  the  highest  im- 
portance to  the  philosopher  and  the  practical 
mechanic.  The  theory  of  mechanics  must  con- 
tinue imperfect  till  the  nature  and  effects  of  fric- 
tion are  thoroiaghly  devieloped,  and  their  per- 
formance must  be  comparatively  small,  and  the. 
expence  of  their  erectioh  an4  preservation  com- 
paratively great,  till  some  effectual  method  is  dis^ 
covered  for  diminishing  that  retardation  of  the 
machine's  velocity;,  andtjiat  d^c^y  of  its  materi- 
als "Urhich' arise  from  the  attrition  of  the  copnect-^ 
ing  parts.  The  knowledge,  however,  which  has 
been  acquired  concerning  this  abstruse  subject 
has  not  been  commensurate  with  the  labours  of 
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philosophers,  and  the  progress  of  other  branches 
of  mechanical  science;  and  those  contrivances 
vrhich  ingenious  men  have  discovered  for  dimi- 
nishing the  resistance  of  friction,  have  either  been 
overlooked  by  practical  inquirers,  or  rejected  by 
those  vulgar  prejudices  which  prompt  the  me- 
chanics ofthe  present  daiy  to  persist  in  the  most 
palpable  errors,  and  neglect  such  maxims  of 
construction  as  are  authorized  both  by  theory  and 
experience.  It  may  be  proper,  therefore,  in  a 
work  like  this,  to  give  a  summary  view  of  the 
opinions  of  di£ferent  philosophers  upon  the  nature 
of  friction,  and  the  means  which  may  be  adopted 
for  diminishing  its  effects. 

M.  Amontons  was  the  first  philosopher  who 
favoured  us  with  any  thing  like  correct  informa- 
tion upon  this  subject.  He  found  that  the  resist- 
ance opposed  to  me  motion  of  a  body  upon  a 
horizontal  surface  was  exactly  proportional  to  its 
weight,  and  was  equal  to  one  third  of  it,  or  more 
generally  to  one  third  of  the  force  with  which  it 
was  pressed  aeainst  the  surface  over  which  it 
moved.  He  discovered  also  that  this  resistance 
did  not  increase  with  an  increase  of  the  rubbing 
superficies,  nor  with  the  velocity  of  its  motion. ' 

The  experiments  of  M.  Bulfinger  authorized 
conclusions  similar  to  those  of  AmontoAs,  with 
this  difference  only,  that  the  resistance  of  fric- 
tion was  equal  only  to  one  fourth  of  the  force 
with  which  the  rubbing  sur&ces  were  pressed 
together.  * 


'  Mem.  dc  I'Acad.  Paris,  16^9,  p.  206.  Amonton't 
cspmmentt  were  confirmed  by  Botsut  and  BeUdor.  See 
Architect.  Hydraiilique,  v^  1,  chap,  ii,  p*  70. 

*  Comment.  PetropoL  <am.  ii,  p.  40. 
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This  subject  was  also  conrfdered  by  Parent, 
who  supposed  that  friction  is  occasioned  by  small 
spherical  eminences  in  one  surface  being  dragged 
out  of  corresponding  spherical  cavities  in  the 
other,  and  proposed  to  determine  its  quantity  by 
finding  the  force  which  would  move  a  sphere 
standing  upon  three  equal  spheres.  This  force 
was  found  to  be  to  the  wdght  of  the  sphere  as 
7  to  20,  or  nearly  one  third  of  the  sphere's 
weight.^  In  investigating  the  phenomena  of  fric- 
tion, M.  Parent  placed  the  body  upon  an  inclin- 
ed plane,  and  augmented  or  diminished  the  angle 
of  inclination  till  the  body  had  a  tendency  to 
move  ;  aiid  the  angle  at  which  the  motion  com- 
menced, he  called  die  angle  of  equilibrium.  The 
weight  of  the  body,  therefore,  will  be  to  its  fric- 
tion upon  the  inclined  plane,  as  radius  to  the  sine 
of  the  angle  of  equilibrium,  and  its  weight  will 
be  to  the  friction  on  a  horizontal  plane,  as  radius 
to  the  tangent  of  the  angle  of  equilibrium.* 

The  celebrated  Euler  seems  to  have  adopted 
the  hypothesis  of  Bulfinger  respecting  the  ratio 
of  friction  to  the  force  of  pression  ;  and  in  two 
curious  dissertations  which  he  has  published  up- 
on this  subject,'  has  suggested  many  important 
observations,  which  have  been  of  great  use  to 
future  enquirers.  He  observes,  that  when  a 
body  is  in  motion,  the  effect  of  friction  will  be 
only  one  half  of  what  it  is  when  the  body  has 


. '  Recherchetdc  Mathematique  et  Physique,  I^IS,  torn, 
ii,  p.  462. 

*  Mem.  dc  PAcad.  Paris,  1704,  p.  174. 
'  The  first  is  entitled,  Sur  lefrottment  dei  Corft  soRJet^ 
and  the  other,  Sur  la  Ammmthn'ii'la  rethtemce  du/htiemnU^ 
published  in  the  Mem.  de  VAcA.  Berlin,  ami.  1748,  pp. 
122,  133. 
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begun  to  move ;  and  be  shews  that  if  the  angle 
of  an  inclined  plane  be  gradually  increased,  till 
the  body  which  is  placed  upon  it  begins  to  de- 
scend, the  friction  of  the  body  at  the  very  com- 
mencement of  its  motion  will  be  to  its  weight, 
or  pressure  upon  the  plane,  as  the  sine  of  the 
plane's  elevation  is  to  its  cosine,  or  as  the  tan- 
gent of  the  same  angle  is  to  radius,  or  as  the 
height  of  the  plane  is  to  its  length.  But  when 
the  body  is  in  motion  the  friction  is  diminish** 
ed,  and  may  be  found  by  the  following  equa- 
tion F  zr  Tan.  a  ,^^^ in  which  Fis 

15625  nn  cos.  a, 

the  quantity  of  friction,  the  weight  or  pressure 
of  the  body  being  zz  I  ;  a  the  angle  of  the 
plane's  inclmation,  m  the  length  of  the  plane 
in  1000^^  parts  of  a  rhinland  foot,  and  n  the  time 
of  the  body's  descent.  Respecting  the  cause  of 
friction,  Euler  is  nearly  of  the  same  opinion  with 
Parent :  the  only  difference  ijs,  that  instead  of  re- 
garding the  eminences  and  corresponding  depres- 
sions as  spherical,  he  supposes  them  to  be  angu- 
lar, and  imagines  the  friction  to  arise  from  the 
body's  ascending  a  perpetual  succession  of  indin* 
ed  planes. 

Mr.  Ferguson  found  that  the  quantity  of  fric- 
tion was  always  proportional  to  the  weight  of  the. 
rubbing  body,  and  not  to  the  quantity  of  sur* 
face,  and  that  it  increased  with  an  increase  of  ve- 
locity, but  was  not  proportional  to  the  augmen- 
tation of  celerity.  He  found  also  that  the  fiic* 
tion  of  smooth  soft  wood,  moving  upon  smooth 
soft  wood,  was  equal  to  y  of  the  weight;  of 
rough  wood  upon  rough  wood  t  of  the  weight ; 
of  soft  wood  upon  hard,  or  hard  upon  soft,  7  of 
the  weight ;  of  polished  steel  upon  polished  steel 
or  pewter  7  tf  the  weight ;  of  polished  steel  up- 

Fbh  11.  Y 
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oncopperf,  suid  of^pelighedisteei'upon'bras&Ti 
of  the  weight/ 

The  At)b£  NoUet^  md  Bossut^  have  distfav- 
guidied  friction  into  two  kinds ;  that  which. arisen 
from  one  surface  bdnff  draped  over  another, 
and  that  which  is  occanonedby  one  body  rollings 
upon  another.  The  resistance  whiohis"  generat- 
ed by  the  first  of  these  Idndft  of  firietion  is  always 
greater  than  that  which  is  produced  by  the  se^ 
cond  ;  and  it  appears  evidently  from; the  experi- 
ments of  Mbschenbroek)  Schoeber,  and*  Meis- 
t^,  that  when  a  body  is  carried  along,  \i4th  an 
uniformly  accelerated*  motion^  and'  retarded  by 
the  first  Kind  of  friction^  the  spaces-  are  still  pro- 
pcxrtional  to  the  squares  of:  tl^  tiqies^  but  when 
the  motion  is  affected  by  the  second  Idnd  of  frie^ 
tion,  this  proportionality  between  the  spaces  and 
the  times  of*  their  description:  does  not  obtain. 
Rcfok  of  The  subject  of  friotion  has  more  lately  occcu> 
^^^^•pied)the  attention  of  the  ingenious  Mr.  Vince  of. 
•  Candnidge.     He  found  that  the  fiiction  of  hard 

bocties  in  motion  is  an  uniformly,  retarding  force, 
and  that  the  quantity  of  fricdoat^.  considered  as 
ecpiivalent  to  a  weight  drawing  the  body  backu 

wards;  is  equal  to  M- tt '  where  Mis 

the  m6ving  force  expressed  by  its  weight,  /IT  the 
weight  of  the  body  upon  the  horizon^  plane,  •? 
the  space  through  which  the  nipving  force  or 
w«ght  descends  in  the  time  rand  r  =  16.087 
•       feet,  the  force  of  gravity.    Mr.  Vince  also  found 


^  Tables  and  IVacts,  edit,  ad,  p.  289. 

^  NoUeti  Lecons  d^  Fhysiquci  torn.  Hi,  p«  2319  ed. 

1770. 

*  Trake  Eleneiitaire  de  Mecaiiique>  par  Bossut,  §  306-7. 


that  the  duantity  of  friction  increases  in  ^  less  ra- 
tio than  tne  quantity  of  master  or  weight  of  the 
body 9  Hid  that  the  fridtibn  of  a  body  does  not 
contiiiu^  the  same  When  it  hats  different  surfaces 
applied' to  thei  plane  on  which  it  moves,  but  that 
the  smallest  suiilaces  will  have  the  le^t  fric^ 
ribn.^' 

Notwithstanding  these  various  attempts  to  un-  Experi- 
fbld  the  nature  and  effects  of  friction,  it'wiis  re-  ^bS^L 
served  for  the  celebrated  Coulomb  to  sunnount 
the  difficulties  which  are  inseparable  from  such 
ah  investigation,  and  to  give  an  accurate  and  sa« 
tisfactory  view  of  this  complicated  part  of  itiecha- 
nical  philosophy.    By  employing  large  bocfies  ahii 
pbnderous  weights,  and  conducting  his*  ex]p>eri-; 
mehts'dti  a  large*  stale,  he  has  corrected  seVei^ 
elTors  which  neces^rily'arosib  ftbtri  the  litnited' 
experiments  of  preceding  writer^;  he  h^  brought 
to  light  many  new  and  ^king  phenomdla,  ahd 
confirmed  others  which  \^ere  hithertd  but  paitia!* 
ly  established.     As' it  would  be  foreign  to  th^  na- 
ture of  this  work  to  folfovi^  Mbndeuf  Coiilbnib' 
through  his  numerous  aAd  varied  expcfrimtoti^ 
\^e  shall  only  present  the  read^l*  with  the  nefv^  ana 
i^t^esting  results!  which  they  authorize.' 

1  •  The  friction  of  hbmogenebus  bddie^,  or  bd-  Frictioo  of 
dies  of  the  same  kind  moving  upon  one  another,  ^JJ^J«^- 
is  generally  supftosM*  td  be*  greater^  than  that  of  not  iiwayt 


'  Philotopfaical  Tnmsactionsy  v.  Izxv,  p.  167. 

'  A  full  account  of  Coulomb'f  experimeota  may  be 
in  the  jMimai  de  Phfiifte  for  September  and  October  1 7  85, 
vdl.  xxvii,  pp.  206  8c  282,  &c.  An  excellent  $WBamarj 
of  them  awy.  alto  be  found  in  Van  $whideii'8.  PofSdones 
FhysicsB.  Thej  were  originally  puUithed  in  the  Memoires 
A  Savdm  Etrat^s^  torn.,  x,.j»^  1631  and  obuiped  .^e 
double  prize  offered  by  the  Academy  in  1779  and  vin^ 
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greater      heterogeneous  bodies  ;^  but  Coulomb  has  shewn 
thui  that    ii^2t  there  are  exceptions  to  this  rule.    He  found, 
^nwus^  for  example,  that  the  friction  of  oak  upon  oak 
bodies.      ^as  ^qual  to  7;^^  of  the  force  of  pression ;  the 
friction  of  pine  against  pine  was  7:7^,  and  of  oak 
against  pine  7^.     The  friction  of  oak  against 
copper  was  7^,  and  that  of  oak  against  iron  near- 
ly the  savie.  ^ 
Frictioii         2.  It  was  generally  supposed,  that  in  the  case 
S^^  ^'  of  wood,  the  friction  is  greatest  wTien  the  bodies 
thecourie  are.  dragged    contrary  to  the  course  of  their 
fib«(!       ^^^^  i  *  b"^  Coulomb  has  shewn  that  the  fric- 
tion  is,  in  this  case,  sometimes  the   smallest. 
When  the  bodies  moved  in  the  direction  of  their 
fibres  the  friction  was  7:7^  of  the  force  with 
which  they  were  pressed  together;  but  when  the 
motion  was  contrary  to  the  course  of  the  fibres, 
the  friction  was  only  7:7^. 
Friction  ID.     3.  The  longer  the  rubbing  surfaces  remain 
^^^    in  contact,  the  greater  is  their  friction.^ — When 
time  of     wood  was  moycd  upon  wood,  according  to  the 
foottct.     (Jirection  of  the  fibres,  the  friction  was  increased 
by  keeping  the  surfaces  in  contact  for  a  few  se- 
conds ;  and  when  the  time  was  prolonged  to  a 
minute,  the  friction  seemed  to  have  reached  its 
utmost  limit.     But  when  the  motion  was  per- 


*  This  was  the  opioion  of  Musdienbroek^  SLraSt»  Ca- 
musy  and  Bossut. 

^  From  a  serie^^of  experiments- on  heary  machinery 
where  the  force  of  pression  was  about  33  c^.  Mr.  Southern 
of  Birniingham  concludes,  that  in  favourable  cases,  the 
friction  does  not  exceed  ^  of  the  force  of  pression.  It  is 
to  be  wished  that  this  curtovs  result  were  confirmed  by 
other  writers. 

^  Muschenbroeky  Introductio  ad  Philosoph.  Nat.  $  5 13. 

'  This  is  mentioned  by  Bossut,  Traite  de  Mecanique, 
$  310 ;  but  Coulomb  has  the  merit  of  having  established 
theftct«  
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formed  contrary  to  the  course  of  the  fibres,  a 
greater  time  was  necessary  before  the  friction 
arrived  at  its  maximum.  When  wood  was  moved 
upon  metal,  the  friction  did  not  attain  its  maxi- 
mum till  the  surfaces  continued  in  contact  for 
5  or  6  days;  and  it  is  very  remarkable,  that 
when  wooden  surfaces  were  anointed  with  tal- 
low, the  time  requisite  for  producing  the  great- 
est quantity  of  friction  was  increased.  The  in- 
crease of  friction  which  is  generated  by  prolong- 
ing the  time  of  contact  is  so  great,  that  a  body 
weighing  1 650  pounds  was  moved  with  a  force 
of  64  pounds  when  first  laid  upon  its  corres- 
ponding surface.  After  having  remained  in 
contact  for  the  space  of  S  seconds,  it  required 
160  pounds  to  put  it  in  motion,  and  when  the 
time  was  prolonged  to  6  days,  it  could  scarcely 
be  moved  with  a  force  of  622  pounds.  When 
the  surfaces  of  metallic  bodies  were  moved  up- 
on one  another,  the  time  of  producing  a  maxi- 
mum of  friction  was  not  <:hanged  by  the  inter- 
position of  olive  oil ;  it  was  increased,  however, 
by  employing  swines  grease  as  an  unguent,  and 
was  prolonged  to  5  or  6  days  by  besmearing  the 
surfaces  with  tallow. 

4.  Friction  is  in  general  proportional  to  theFnc^wo 
force  with  which  the  rubbing  surfaces  are  P^ess- g^ J^****" 
ed  together  ;  and  is,  for  the  most  part,  equal  to  force  of 
between  t  and  7  of  that  force.^ — In  order  to  p«««°- 
prove  the  first  part  of  this  proposition.  Coulomb 
employed  a  large  piece  of  wood,  whose  sur&ce 


^  Friction  being  \  of  the  force  of  pression,  it  may  be 
sbewny  that  a  power  which  moves  a  body  along  a  horizon- 
'  tal  planet  ^cU  to  the  greatest  advantage  when  the  line  of 
direction  makes  an  angle  of  18^  261  with  the  plane.  This 
proposition  is  neady  demonstrated  in  Mr.  Gregory's  Me- 
cbaiics,  vol.  u,  p.  17. 
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contained  3  ^lupre  feet,  and  loaded  jt  ^mq^;^ 
lively  mxh  74  pounds,  S7^  pounds,  juid  24i^ 
pounds.     In  these  cases  the  friction « was  succes- 
-^ively  Tb»  ^y  5^,  of  the  force  of  pression;; 
4wd  v/hen  a  less  surface  and  other  weights  ,w^ 
4jsed,  the  friction  was  -^^^  ^^  ^.     Similar  re- 
.sults  were  obtained  in  all  Coulotnb'^  ejcperi- 
ments,  even  when  metallic  surfaces  were  em- 
jxloyed.     The  .second  part  of  the  prppositiqn  ha3 
jsdso  h^n  established  by  Coulomb.     He  fouii^ 
.that  the  greatest  friction  is  engendered  when  oa^L 
4noves  i4>on  pine^  and  that  it  amounts  to  —^  of 
.the  force  of  pre^sfin;}  on  the  contrary,  .^^henjirpp 
.moves  upon  hra$s,  -the  least  friction  is  produ^ced,, 
juod  it  amounts  to  7  of  the  force  of  pression. 
Friction  not     5.  Fnction  IS  in  general  not  increased  by  aug- 
fftTthT"  menting  the  x;iubbing  surfaces.^ — When  a  sup»- 
rnUtiog     fici^  of  3  feet  isquare  was  employed,  the  friction, 
with  different  weights,  was  rn  at  a  medium ;  but 
when  |i  smaller  surface  was  used,  the  friction, 
ins^e^  of  bemg  greater,  as  might  have  been  ex- 
pected, was  on^  j4' 
Friction        jQ^  Friction  for  .the  4nost  mxt  is  not  augment- 
diminidicd  ed  -by  an  mcrease  ox  veloaty.    In  &ome  cases, 
fiyincreas.  however,  it  is  diminished  by  an  augmentation 
S^'-'flf  Qelerity.«— M.  Coulomb  founds  that  when 

^ __^ 

^  -Muschenbroek  and  NoUet  entertained  -the  opposite 
opinion.  Iht  experiments  of  Krafft  coincide  with  those 
pf  Coi^omb.  See  Con^i^;n.  P^ippoj^  top*  jdi,  p.  QIS69 
i  19,  2Q,ftc. 

'  The  latter  part  of  this  proposition  is  confirmed  by  a 
circumstance  which  occurred  in  the  coutse  of  M.  Lam- 
l^ert's  experiments  9n  undershot  mills,  but  which  he  im* 
putes  to  a  very  dtferent  cause  lie  Found  that  the  resist-^ 
ance  which  is  generated  Mj  the  friction  of  the  comm^ani- 
cating  parts  of  a  com  mill^  combined  with  tl^it  which  ari^et 
from  the  grain  bctjRreen  the  miO-stonesi  always  diminished 
when  th^  vebcity  was  increased.    M.  Lsn^^rt  did  not 

hesiURc 
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wood  moved  upon  wood  in  the  dOrecdoh  of  the 
fibres,  the  fricfion  was  a  constant  quantity 9:ho«7- 
ever  much  the  velocity  was  varied ;  but  that 
when  the  surfaces  were  very  small,  in  respect 
to  the  'force  with  which  they  were  pressed,  the 
friction  was  diminished  by  augmenting  the  rapidi^ 
4y :  the  friction,  on  the  contrary,  was  increased 
when  the  sur&ces  were  very  large  when  com- 
pared with  the  force  of  pression.  When  the 
wood  was  moved  contrary  to  the  direction  of  its 
fibres,  the  'friction  in  every  case  remained  the 
same.  If  wood  is  moved  upon  metals,  the  •fric'^ 
tion  is  greatly  increased  by  an. increase  of  velo- 
city; and  when  metals  move. upon  wood  be- 
smeared with  tallow,  the  friction  is  still  aug-^ 
mented  by  adding  to  the  velocity.  When  met^ 
move  upon  roetaJs,  the  friction  is  always  a  con- 
stant quantity;  but  when  heterogeneous  sub- 
stances are  employed  which  are  not  bedaubed 
with  tallow,  the  friction  is  so  increased  with  the 
velocity,  as  to  form  an  arithmetical  progression 
when  the  velocities  form  a  geometrical  oae. 

7*  The  friction  of  loaded  cylinders  rolling  Friction  of 
upon  a  horizontal  plane,  is  in  the  direct  ratio  of }?f^**  ^y' 
their  weights,  and  the  inverse  ratio  of  their  dia^ 
meters*— *In  Coulomb's  experiments,  the  friction 
of  cylinders  of  guaiacum  wood,  which  were  two 
inches  in  diameter,  and  were  loaded  with  1:000 
pounds,  was  18  pounds  or -^  of  the  force  of 


hesitate  to  assert,  that  the  part  of  this  compound  resistance 
which  was  produced  by  the  friction  of  the  machinery  con- 
tinued inYiriibly  the  same,  and  aacribed,  without  a»y 
reason,  the  diminution  which. i^ccompanied  an  iocretse  of 
velocity  to  *a  diminution  of  th^  grain's  resistance  between 
the  mill-stones ;  whereas  it  ^as  probably  a  .diminution  of 
the  friction  of  the  connecting  parts,  occasiosed  by  the 
augmentation  of  their  velocity. 
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pression.  In  cylinders  of  elm,  the  friction  was 
greater  by  y,  and  was  scarcely  diminished  by  the 
interposition  of  tallow. 
FricUon  of  From  a  variety  of  experiments  on  the  friction 
^u^r  ^^  of  the  axes  of  pullies.  Coulomb  obtained  the 
following  results. — When  an  iron  axle  moved 
in  a  brass  bush  or  bed,  the  friction  was  ^  of  the 
presdon ;  but  when  the  bush  was  besmeared 
with  very  clean  tallow,  the  friction  was  only 
~ ;  when  swines  grease  was  interposed,  the  fric- 
tion amounted  to  ^^ ;  and  when  olive  oil  was 
employed  as  an  unguent,  the  friction  was  never 
less  than  ^  or  ^.  When  the  axis  was  of  green 
oak,  and  the  bush  of  gusdacum  wood,  the  fric- 
tion was  •—-  when  tafiow  was  interposed ;  but 
when  the  tallow  was  removed  so  that  a  small 

Suantity  of  grease  only  covered  the  surface,  the 
iction  was  increased  to  -^.  When  the  bush 
was  made  of  elm,  tho  friction  was  in  similar 
circumstances  yy  and  •~^,  which  is  the  least  of 
alL  If  the  axis  be  made  of  box,  and  the  bush 
of  guaiacum  wood,  the  friction  will  be  -^  and 
Yjy  circumstances  being  the  same  as  before.  If 
the  axle  be  of  boxwood,  and  the  bush  of  elm,  the 
friction  will  be  -^  and  ^ ;  and  if  the  axle  be  of 
iron,  and  the  bush  of  elm,  the  friction  will  be 
•j^  of  the  force  of  pression. 

Having  thus  given  a  brief,  though  we  trust 
a  comprehensive  view  of  the  interesting  results 
of  Coulomb's  experiments,  we  shall  conclude 
this  part  of  the  subject,  by  presenting  the  reader 
with  some  excellent  and  original  observations  on 
the  cause  of  friction,  by  Mr.  John  Leslie,  Professor 
of  Mathematics  in  the  university  of  Edinburgh.  ^ 


^  See  hia  ingenious  and  profound  work  on  the  Nature 
and  propagation  of  heat,  chap,  xv,  p.  299,  &c. 
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*  If  the  two  surfaces  which  rub  against  each^^®" 
Other  are  rough  and  uneven,  there  is  a  neces- 
sary waste  of  force,  occasioned  by  the  grind- 
ing and  abrasion  of  their  prominences.     But 
friction  subsists  after  the  contiguous  surfaces 
are  worked  down  as  regular  and  smooth  as 
possible.     In  fact,  the  most  elaborate  polisff 
can  operate  no  other  change  than  to  diminish 
the  size  of  the  natural  asperities.     The  surface 
of  a  body,  being  moulded  by  its  internal  struc- 
ture, must  evidently  be  furrowed,  or  toothed, 
or  serrated.     Friction  is,  therefore,  common- 
ly explained  on  the  principle  of  the  inclined 
plane,  from  the  effort  required  to  make  the 
incumbent  weight  mount  over  a  succession  of 
eminences.    But  this  explication,  however  cur- 
rently repeated,  is  quite  insufficient.    The  mass 
which  is  drawn  along  is  not  continually  ascend- 
ing ;  it  must  alternately  rise  and  fall ;  for  each 
superficial  prominence  will  have  a  correspond- 
ing cavity ;  and  since  the  boundary  of  con- 
tact is  supposed  to  be  horizontal,  the  total  ele- 
vations will  be  equalled  by  their  collateral  de- 
pressions.    Consequently,  if  the  lateral  force 
might  suffer  a  perpetual  diminution  in  lifting 
up  the  weight,  it  would,  the  next  moment, 
receive  an  equal  increase  by  letting  it  down 
again;   and  those  opposite  effects,  destroying 
each  other,  could  have  no  influence  whatever 
on  the  general  motion: 

'  Adhesion  seems  still  less  capable  of  account- 
ing for  the  origin  of  friction.  A  perpendicu- 
lar force  acting  on  a  solid  can  evidently  have 
no  effect  to  impede  its  progress ;  and  though 
this  lateral  force,  owing  to  the  unavoidable 
inequalities  of  contact,  may  be  subject  to  a 
certain    irregular   obliquity,    the   balance  of 
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xbances  muat,  on  the  whole^  ijme  the  semie 
^tendency  to  accelerate)  as  'to  'retard^  the  <ino- 
ttion.  ^If  the  conterminous  suifaces  were,  .there- 
^fore,  to  remam  absolutely  passive,  no  .friction 
could  ever  arise.  Its  existence  demonstrates 
an  unceasing  mutual  change  of  figure,  the 
opposite  planes,  during  the  passage,  continual- 
ly seeking  to  accommodate  themselves  to  all 
the  minute  and  accidental  varieties  of  contact. 
The  one  surface,  being  pressed  against  the 
other,  becomes,  as  it  were,  compactly  indent- 
ed, by  protruding  some  points  and  retracting 
others,  lliis  ads^ptation  is  not  .accomplished 
instantaneously,  but  requires  very  different 
periods  to  attain  its  maxifnumj  according  to  the 
•nature  and  relation  of  the  substances  concern- 
ed. In  some  cases,  a  few  seconds  are  suf- 
ficient, in  others,  the  full  effect  is  not  pro- 
duced till  after  the  lapse  of  several  (kys, 
While  the  incumbeut  mass  is  drawn  along,  at 
every  stage  of  its  advance,  it  changes  its  ex- 
ternal configuration,  and  approaches  more  or 
4ess  towards  a  strict  contiguity  with  the  under 
surface.  Hence  the  effort  required  to  put  it 
first  in  motion,  and  hence  too,  the  decreased 
measure  of  friction,  which,  if  not  deranged 
by  adventitious  causes,  attends  generally  an 
augmented  rapidity.  This  appears  clearly 
established  by  the  curious  experiments  of 
Coulomb,  the  most  original  iand  valuable  which 
have  been  made  on  that  interesting  subject. 
Fricdon  consists  in  the  force  expended  to 
raise  continually  the  sur^ce  of  pressure  by 
an  oblique  iaction.  .  The  upper  suriace  travels 
over  a  perpetual  system  of  inclined  planes ; 
but  that  system  is  ever  changing,  with  alter- 
nate inversion.      In  this  act,  the  incumbent 
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Weight  makes  incessant,  yet  unavailing  efforts 
{^  .^cend :  for  the  moment  it  has  gained  the 
^i^nmiisof  Uie superficial  prominences,  these 
ts}nk  down  {beneath  it,  and  the  .adjoinii^g  qavi- 
.  ties  .st^  up  into  elevations,  presenting  a  new 
series. of  obts^ades  which  are  again  to  ;be  sur- 
^piounted  ;  ^nd  thus  the  labours  of  Sisiphus  are 
r^lizqd.in  the;phenomena  of  friction. 
*  The  ,degree  rof  friction  must  evidaitly  de- 
pend on  -the  angles  of  the  natural  protuber- 
ances, which  are  determined  .by  the  element- 
^ary  structiire  or  the  mutual  relation  of  the 
.two  approximate  su))stances.  The  effect, of 
.polishmg  is  only  «to  abridge  those  asperities 
^d  increfise  dieir  number,  without  altering 
4n  wy  respect  thar  .curvature  or  inflections. 
y^he  constimt  or  ;Sugces$ive  acclivity  produced 
Jbiy  the  ^ever  ^varying  adaptation  .ot  the  conti- 
,gUG^s  surtaxes,  remains,  therefore,  the  same, 
lapd  .consequently  the  espeuce  of  force  will 
still  sono^nt  to  the  same  proportion  of  the 
pressure.  The  intervention  of  a  coat  of  oil, 
SQ^p^  or  tallow,  hj  readijy  accommodating 
itself  to  fhe  variations  of  /;ontact,  must  tend 
to  ^equalize  ^,  and  there&Ke  mufst  lessen  the 
angles,  or  soften  the  contour,  of  the  succes- 
sively emerging  prominences,  and  thus  dimi- 
hish  likewise  the  friction  which  thence  re- 
sults.' 

Having  th^s  cpQsidered  the  ori^gpn,  the  na-Mediodof 
ture,  and  the  cflfects,  of  friction^  «re  shall  now  ^"SJIrf' 
attend  to  the  method  of  le^ening  the  re&tancefcm  of 
which  Jilt  opposes  to  machinery.    Thp  mpst  ef-^^®"* 
ff;^Qf}s  iVQ^e  jqf  acf omplishjyqg  tbiisy  i»  to  cpn- 
iv^rt  diat  specMB  of  frii^PKi  ivJ^  axj^  frpm 
one  i)ody  4>€ing  dn^ed  oiver  another,  into  that 
* '  *   &  occasioned  by  oae  body  roUing  upon 
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another.  As  this  will  always  diminish  the  re^t- 
ance,  it  may  be  easily  effected  by  applying 
wheels  or  rollers  to  the  sockets  or  bushes  wnich 
sustain  the  gudgeons  of  large  wheels,  and  the 
axles  of  wheel  carriages.  Casatus*  seems  to  have 
'  been  the  first  who  recommended  this  apparatus. 
Friction  It  was  afterwards  mentioned  by  Sturmius^  and 
wheels.  Wolfius;*  but  was  not  used  in  practice  till 
Sully*  applied  it  to  clocks  in  the  year  1716, 
and  Mondran'  to  cranes  in  1725.  Notwith- 
standing the^e  solitary  attempts  to  introduce 
friction  wheels,  they  seem  to  have  attracted 
but  little  attention  till  the  celebrated  Euler  ex- 
amined and  explained,  with  his  usual  accuracy, 
their  nature  and  advantages.*  The  diameter 
of  the  gudgeons  and  pivots  shoxild  be  made  as 
small  as  the  weight  of  the  wheel  and  the  impel- 
ling force  will  permit.  The  gudgeons  should 
rest  upon  two  wheels  as  large  as  circumstances 
will  allow,  having  their  axes  as  near  each  other 
as  possible,  but  no  thicker  than  what  is  abso- 
lutely necessary  to  sustain  the  superincumbent 
weignt.  When  these  precautions*  are  properly 
attended  to,  the  resistance  which  arises  from  the 
friction  of  the  gudgeons,  &c.  will  be  extremely 
'trifling.^ 


*  Mechan.  lib.  ii,  cap.  i«  p.  130. 

^   MisccllaD.  Berolinens.  torn,  i,  p.  306. 
'  Opera  Mathematica,  torn,  ii,  p.  684. 

*  MachincB  approuvces,  torn.  No.  177- 
'   Id.  No.  254. 

*  Mem.  de  l*Acad.  Berlin  1748,  p.  133. 

*  Mr.  Walker,  a  lecturer  on  Experimental  Philosophy, 
has  boldly  pronounced  friction  wheels  to  be  '  expensive 
'  nonsense,'  (System  of  Famil.  Philos.  v.  i.)  This  gen- 
tleman should  have  recollected  that  they  were  recommend- 
ed  by  Euler  and  many  distinguished  philosophers ;  and, 

thougk 
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The  effects  of  friction  may  likewise  in.  some  rncuon  <fi. 
measure  be  removed  by  a  judicious  application  ™'"a'^u*^. 
of  the  impelling  power,  and  by  proportibniiig  cious  appH- 
the  size  of  the  friction  wheels  to  the  pressure{f**°^^. 
which   they  severally  sustain.     If  we  suppose,  Dng  power, 
for  example,  that  the  weight  of  a  wheel,  whose 
iron  gudgeons  move  in  bushes  of  brass,  is  ICO 
pounds ;  then  the  friction  arising  from  both  its 
gudgeons  will  be  equivalent  to  25  pounds.     If, 
we  suppose  also  that  a  force  equal  to  40  pounds 
is  employed  to  impel  the  wheel,  and  acts  in  the 
direction. of  gravity,  as  in  the  case  of  overshot 
wheels,  the  pressure  of  the  gudgeons  upon  their 
supports  will  thus  be  140  pounds  and  the  fric- 
tion 35  pounds.     But  if  the  force  of  40  pounds 
could  be  applied  in  such  a  manner  as  to  act  in 
direct   opposition  to   the  wheel's  weight,    the 
pressure  of  the  gudgeons  upon  their  supports 
would  be  100 — 40,  or  60  pounds,  and  the  fric- 
tion only  15  pounds.     It  is  impossible  indeed  to 
make  the  moving  force  act  in  direct  opposition 
to  the  gravity  of  the  wheel,  in  the  case  of  water- 
mills  ;  and  it  is  often  impracticable  for  the  en-  - 
ginecr  to  apply  the  impelling  power  but  in  a  given 
way;   but  there  are  many  cases  in  which  the 
moving  force  may  be  so  exerted,  as  at  least  in 
such  a  manner  to  increase  the  friction  which 
arises  from  the  wheel's  weight. 

though  this  is  by  so  means  a  sufficient  reason  for  their 
adoption,  yet  we  humbly  conceive  that  the  errors  of  the . 
learned  should  always  be  opposed  with  respectful  diffidence. 
We  are  of  opinion,  however,  and  we  presume  that  .every 
person  who  understands  the  subject  will  agree  with  us,  that 
friction  wheels,  if  properly  executed,  are  of  immense  ser- ' 
viccy  and  that  nothing  but  the  ignorance  or  narrowness  of 
the  proprietors  of  n-achinery  could  have  prevented  them  ^ 
from  being  more  generally  adopted. 
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When*  tb^  ittbving  force  is^  Hot  ea^Ml'ift  a 
perpendicular  direction^  but  obliquely  as  in  un- 
dershot wheds,  the  gudgeon  will  pre^  tiitK 
greater  force  oh  one  part  of  the  socket  thaih  on 
any  other  part.  This  point  will  evidently  be*  on 
the  s!^  ojt  the  bush  opposite  to  that  where  tUe 
power  is  appUed,  and  its  distance  frbm  the  low- 
est point  of  the  socket,  which  is  suppo^  cir* 
ctilar'  and  conctotii<f  with  the  gudgeon,  bediig 

called'  X  we  wiH  tiave  Tas^.  x  zz-p^  that  is,  the 

tangent  of  the  arch  cbrftairied  between  tKcf  point'- 
of  greatest' pressure*  and' the  lowest  point  of  tht^ 
bush,  is  eqUal  to. the  sum  of  all  the  Kori2^nta} 
fdrces,  dli^ded  bf  t;he  sum  of  all  the  vferticaF 
.  f6rces  and  the  we^'t'of  the  wheel,  j^Tepresent-- 
inji  the* former,  and  ^the  latter  quantities'.  The^ 
pMnt  ctf  greatest  pressure  being  thus  deteriiiinedi 
the  gudgeon  must  be  supported  at  that  part  by' 
the  lai^^t  fHction  wheel,  in  order  to  equalize 
the  firictida  upon  thejr  asdes; 

The  ^Kcatioh'of  the*  general  princiideSf  ttf 
pstrticuhr  case^  is-  s6  simple  as  not  to  requite 
atty  ittustr^on.  To  aid^  thie'  conc^ohs,  howi 
e¥er»  of  thie  phiclical  niechanic,  we  may  mentioirf  * 
tUfX)  cases  in  which  friction  wheels  have  been* 
setccfesrfully^  employed. 

Mr.  Gottlieb,  the  constructor  of  a  new  crane^ 
has  received^  patent  for  what  he  calls  an  anti- 
attrhion  aKle-tree,  <  the  beneficial  ^fects  of  which 
he-has  ascertsHfied- by -a- variety  of  trials.  It  con«^' 
sists  of^*  steel  it^Uer  abouf'4'or  6  inches  long^ 
which  turns  within  a  ^x)ove  cut  in  the  inferior 
part  of  the  axle.  When  wheel-carriages  are  at  ^ 
rtet,  Mr.  Gottlieb  lias  given  the  friction  vAieei 
its  proper  position;  but  it  i^  erident  that  thle" 
point  of  greatest  pressure  wiU  change  when  they 


am  put  ifltittdtioiiv  arfdmllbe  neaitrf  th«$  fro^ 
df <  the  cairbge.  'Hiis  •  pointy  ho wever,  xvill  vttiy 
\f  ith<  the  \reighr  of  the  load ;  -  but  if  id  suffident- 
1^  obvidus  tSat^  the  fHctiDn  ifoUer  should  be  at: 
a^  little  dl^asM  from  the  \&»e^t  pomt^  the  axle-- 
ti«e. 

Ml*.  Gftinmett  of  BHstol^  hias  applied  fHctidfli 
rollers  in  a--  different  mamM*,  which  does  liot; 
like  the  piieceding  method;  weokeii  tKe  axie^-tnee;- 
Uistead  of  fbdng  them  in  the  iron  part*  of  the*^ 
ax4e,  he  leaves  a^space  between  the  nave  and* the' 
axis'  to  be  filled  with  equal  roUerd  alfnest  tbiieh*^ 
iag  eoK^h  other.  "Hte  axis  of  these^  rdiler^  s^r^' 
ineertedin^aLcirctilar  ring  areaebend'of  the  nave, 
»d  these  rings^  andiconsequentlythe  rollers,  are> 
kept  separate  and-  pasmllell  by  means'  of'  small' 
bolts  passh%  between  the  rollers  fh}m  one  side 
of  the  nave  to  the  other. 

In  wheel-carriages  constructed  *in  the  conuneflt^ 
mann^  whh-comealiriHis^  there  is^  a'^at  degred^^^ 
of  resistance  occasioned'  by  the  frictiort^  of  the 
Imch  {Hns^on  tile  external  part  of  the  nave,  wMeh 
the  ingenious  mechanic  may  easily  remove  by-  a- 
judideus'applkation  of  the  preceding  principles^ 

AiB  it  a{^)earfir  from  the  espeariments  of  Fen- 
guson  and  Goul6mb,  that  the  least'  friction  isr 
generated  when  polished  iron  moves  upon  brass, 
the  gudgeons  and  pivots  of  wheels,  and  the  axles 
of  friction  rollers,  should  all  be  made  of  polish- 
ed iron,  and  the  bushes  in  which  these  gudgeons 
move,  and  the  friction  wheels  should  be  formed 
pf  polished  brass.  ^ 

When  every  mechanical  contrivance  has  been  Frktion 
adopted  for  diminishing  the  obstruction  which  ^^jl^^^ 

gjtnu* 

£  M.  de  La  Hire  recomm^iids  the  sockets  or  bushes  to 
be  made  square  and  not  concave. 
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arises  from  the  attrition  of  the  communicating 
parts,  it  may  be  still  farther  removed  by  the 
judicious  application  of  unguents.  The  most 
proper  for  this  purpose  are  swines  grease  and 
tallowy  when  the  surfaces  are  made  of  wood, 
and  oil  when  they  are  of  metal.  When  the 
force  with  which  the  surfaces  are  pressed  toge- 
ther is  very  grea^,  tallow  will  diminish  the  fric- 
tion more  than  sWines  grease.  When  the  wood- 
en surfaces  are  very  small,  unguents  will  lessen 
their  friction  a  little,  but  it  will  be  greatly  di- 
minished if  wood  moves  upon  metal  greased  with 
tallow.  If  the  velocities,  however,  are  increased, 
or  the  unguent  not  often  enough  renewed^  in 
both  these  cases,  but  particularly  in  the  last,  the 
unguent  will  be  more  injurious  than  useful. 
The  best  mode  of  applying  it,  is  to  cover  the 
rubbing  surfaces  with  as  thin  a  stratum  as  pos» 
sible,  tor  the  friction  will  then  be  a  constant 
quantity,  and  will  not  be  increased  by  an  aug- 
mentation of  velocity. 
By  the  Jn  small  works  of  wood,  the  interposition  of 

CkdTiead.  ^^  powder  of  black  lead  has  be^i  round  very 
useful  in  relieving  the  motion.  The  ropes  of 
pulleys  should  be  rubbed  with  tallow,  and  when- 
ever the  screw  is  used,  the  square  threads  should 
be  preferred. 
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021  THE  l^ATtBE  AND  OPERATION  OF  FLT  ITHEELS. 


A  FLY  in  mechanics  is  a  heavy  wheel  or  cy-  ^y  whcelt, 
linder  which  moves  rapidly  upon  its  axi^,  and  is 
applied  to  machines  for  the  purpose  of  reridd*- 
ing  uniform  a  desultory  or  reciprodating  motioil, 
arising  either  from  the  natufe  of  the  machinery; 
from  an  inequality  in  the  resistance^  to  be  oVer^ 
come,  or  from  an  irregular  application  of  the 
impelling  power.     WheA  the  fii^t  movei*  is  iii*.^^®^ 
animate,  as  wind,  water,  ^d  steam,  &ii  inequa-  ^^^^w 
lity  of  force  obviously  arisen  from  a  variadonc^«^ 
in  the    velocity  of   the    wind,    itom    aii    in- 
crease of  water  occasioned  by  sudden  rains,  ot 
from  an  augmentation  or    dimintidon    of   die 
steam  in  the  boiler,  produced  by  a  variation  iii 
the  heat  of  the  furnace  ^   and  accordingly  va- 
rious methods  have  been  ^dpted  for  regulating 
the  action  of  these  variable  powers.     The  same      .     . . 
inequality  of  forc6  obtains  when  machines  are 
itioved  by  horses  or  meU.     £very  animal  exerts 
its  greatest  streiigth  wheii  fir$t  get  to  work  .  A^- 
ter  j)u}ling  foi*  sothe  tinie  its  strength  will  be  im- 
paired, and  when  the  resistance  is  great,  it  will 
take  frequent,  though  short  relaxation,  and  then 
commence  itd  labour  iirith  retiovated  vigour. 
Fol.  IL  Z 
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These  intervals  of  rest  and  vigorous  exertion 
must  always  produce  a  variation  in  the  velocity 
of  the  machine,  which  ought  particularly  to  be 
avoided,  as  being  detrimental  to  the  communi- 
oating  parts  as  well  as  the  performance  of  the 
machine,  and  injurious  to  the  animal  which  is 
TheM  in-  employed  to  drive  it*  But  if  a  fly,  consisting 
HJ>^*/"  either  of  cross  bars,  or  a  massy  circular  rim,  be 
hy  a  fly.  connected  with  the  machinery,  all  these  incon- 
veniencies  will  be  removed.  As  every  fly  wheel 
must  revolve  with  great  rapidity,  the  momentum 
of  its  circumference  must  be  very  considerable, 
and  will  consequently  resist  every  attempt  either 
to  accelerate  or  regard  its  motion.  When  the 
machine,  therefore,  has  been  put  in  motion,  the 
fly  wheel  will  be  whirli|]^  with  an  uniform  cele- 
ntY|  and  with  a  force  capable  of  continuing  that 
celerity  when  there  is  99y  relaxation  in  the  im- 
peUIng  power.  After  a  short  rest  the  animal  re* 
jxews  his  efforts,  but  the  machine  is  now  moving 
with  its  former  velpcky;  and  these  fresh  efforts 
vfill  have  a  tendency  to  increase  the  velocity :  the 
'  fly>  however,  now  act^  as  a  resisting  power,  re- 

cidives  the  greatest  part  pf  the  superfluous  mo- 
tfpn,  suid  causes  the  machinery  to  preserve  its 
original  celenty*     In  this  way  the  fly  securer 
to  the  enrine  an  uniform  motion,  whether  the 
animal  takes  occasional  relaxatioqi  or  e:s:ertB  his 
force  with  redoubled  ardour, 
Ezempfi.       We  have  already  dbserved,  that  a  desultory 
^^^    or  variable  motion  frequently  arises  from  an  in- 
machine    eauality  in  the  resstance^  or  work  to  be  perform- 
ea.    This  is  particul^o^  jpjAanife^t  iu  thra^hiii^ 
nulls,  on  a  smaJl.  ^c^e,,  which  are  drivea  by 
water.    When  the  qpm  is  laid  inequally  on  the 
feeding  boards  so  that  top  much  is  taken  in  by 

the  fluted  rgtlen;,  tbi$  iaorewe  of  reestmce  in- 
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«tantly  affects  the  machinery,  and  communicates 
a  desukory  or  irreguliur  motion  even  to  the 
water  wheel  or  first  moTer.  This  variation  in 
the  velocity  of  the  impelling  power  ni^y  be  dis- 
tinctly percdved  bv  the  ear  in  a  calm  eveniiH^^ 
when  the  machine  is  at  work.  The  best  m^hod 
of  correcting  these  irregularities  is  to  employ  a 
fly  wheel,  which  will  regulate  the  motion  of  the 
machine,  when  the  resistsiice  is  either  augm^itr 
ed  or  diminished.  In  machines  built  upon  a 
large  scale  there  is  no  necessity  for  the  inief]>Or 
sition  of  a  fly,  as  the  inertia  of  the  macti^ry 
supplies  its  place,  and  redsts  every  change  m 
motion  that  may  be  gener^ed  by  an  inequal  ad- 
mission of  the  com.  •'  '■' 

A  variation  in  the  velocity  of  engines  aris^  irregukii. 


also  from  die  nature  <rf  dtemachinery.  L^.m^^J'^ 
suppose  diat  a  weight  of  1000  pounds  is  to  benatareof 
raised  from  the  bottom  of  a  well  50  feet  deep,*^"  " 
by  means  of  a  bucket  attached  to  an  iron  cham 
which  winds  round  a  barrel  or  cyfinder^  and 
that  every  foot  in  length  of  this  chain  weighs  2 
pounds :  it  is  evid^it  that  the  resistance  to  be 
overcome  in  the  first  moment  is  1000  pounds, 
added  to  50  pounds,  the  weight  of  the  chain ; 
and  that  this  resistance  dinunisnes  gradually,  a$ 
the  chain  cdls  round  the  cylinder,  till  it  become^ 
only  1000  pounds,  when  the  chain  is  completely 
wound  up.  The  reastanee  therefore  decr^ts^ 
from  lOSO  to  1000  pounds }  and,  if  the  inypri- 
ling  power  is  inanimate,  ihe  velocity  of  th^i  buck* 
et  will  gradually  increase  j  but* 'if  an  animal  is 
employed,  it  wiH  generally  proportion  its  acdon 
to  the  resisting  load,  and'  must  therefore  pull 
with  a  grater  or,  less,  fgrcg^.  according  aa  the 
bucket  is  near  the  bottom  or  top  of  the  well.  In 
this  case,  however,  theas^isttnce  of  a  fly  may  be 
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dispensed  with,  because  the  resistance  diminisk* 
^  unifonnly,  and  may  be  rendered  consfabt,  by 
making  the  barrel  conical,  so  that  -the  chain 
may  wind  upon  the  part  nearest  the  vertex  at 
the  commeneement  of  the  motion,  the  diameter 
of  the  barrel  gradually  increasing  as  the  weight 
dimiiiishes*  In  thk  way  the  variable  resistance 
idll  be  equalized  mUch  better  than  by  the  ap* 
pUcatioB  of  a  fly-wheel ;  for  the  fly,  having  no 
power  of  its  own^  must  necessarily  waste  the  im- 
pellii^  powen 

Halving  thus  pointed  out  the  chief  causes  of  a 
variation  in  the  vdocity  of  machines^  and  the 
joethod  of  rendering  k:  uniform  by  the  invention 
of  fly-wheels,  the  utility,  and,  in  soit^  instances, 
.lh$ :  necessity  of  this  piece  of  mechanism,  may 
.  be  mqre  obviously  illustrated  by  shewing  the  pro- 
v>         priety  of  its  aj^lication  in  particular  cases. 
AdjLti>       In  the  description  which  has  been  given  of 
SSecUci-  Vauloue*s  piW  engine,'   the  reader  must  have 
ctnpiified   rqgoarked  a  striking  instance  of  the  utility  of  fly« 
^tjwpUc  wheels*      The  ram  Q,  is  raised  between  tht 
Plate iXrguides  b bj  by  means,  of  horses  acting  against 
^^-  '*      tbq  levers  S  S ;  but  ^s  spon  as  the  ram  is  elevated 
to  ^^,top  of  the  guides,  and  discharged  from 
tjie  follower  G,  the  xiesistance  ^against  which  the 
horses  tjave  been: verting  their  force,  is  sudden- 
ly xen^pved,   and    th^y  would  instantaneously 
tumble  do^n,  jyiare  ,it.i^ot  for  the  fly  0.    Thw 
^y^is  connected; jvrith  the  drum  By  by  meai>s  of 
tbe^  (rundle  X,:  ai^^as  it  is  moving  with  a  very 
great. forc^  it.ppposes  ^LSuffici^t^^resistaQce  to 
the  action  of-  thq  horsey,  till  the  rani  is  again 
taken  .^p  by , the  follower.  . 
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When  machinery  is  driven  by  a  single  stroke  fn  the  iiii* 
steam  engine,  there  is  sudi  an  inequality  in  the  ^^^  ^'^ 
impelling  power,  that,  for  2  or  3  seconds,  it  doesgine. 
not  act  at  all.    JDuring  this  interval  of  inactivity, 
the  machinery  would  necessarily  stop,  were  it 
not  impelled  by  a  massy  fly-wheel  of  a  great,  dia- 
meter, revolving  with  rapidity,  till  the  moving 
power  again  resumes  its  energy. 

If  the  moving  power  is  a  man  acting  with  ainthecom. 
handle  or  winchi'  it  is  subject  to  great  inequali-"^'^"*^ 
ties.  The  greatest  force  is  exerted  when  the 
man  pulls  the  handle  upwards  from  the  height 
of  his  knee,  aqd  he  acts  with  the  least  force 
when  the  handle^'being  in  a  vertical  position,  i$ 
thrust  from  him  in  a  hdrizontdl  ^rectioiu' '  The 
force  is  again  increased  whei>  the  handle  is 
pushed  downwards  by  the  man's  weight,  and  Jt  .  .  * 
is  diminished,  when  the  handle,  being  at  its  lorw^ 
est  point, 'is  pulled  tp wards  him  hotizbhtally. 
But  wheh  a  fly  is  properly  connected  witb  the 
machinery,  these  faregular  exertions  are  etjuat- 
ized,  the  velocity  becomes  uniform,  apd  the 
load  is  raised  with  an  equable  aiid  steady  mp^ 
tion.  .        .  " 

In  many  cases,  where  the  impelling  ^  force  is 
fdtemately  augmented  or  diminished,  the  per- 
formance of  the  machine  may  be  increased  by 
rendering  the  resistance  unequal,  and  accom- 
modating it  to  the  inequalities  of  the  moving 
power.  --Dr.'  Robison  observes,  that  *  there  are 
^  some  beautiful  specimens  of  this  kind  of  ad- 
^  justment  in  the  mechanism  of  animal  bodies.' 

Besides  the  utility  of  fly-^eels  or  regulatolBny.wiieeli 
of  machinery,  they  have  be«i  employed  for  ac-.f«««^'** 
cumulating  or  coilectmg  power.     If  motion  is  powers, 
commurndslted  to  a  fly-wheel  by  means  *of  a 
^mall  foi^e,'  and  if  this  force  is  cdntiAUed  tiA  the 
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wheel  has  acquired  a  great  velocity^  such  a  quan- 
tity of  motion  wiUbe  accumulatea  in  its  circum- 
ference as  to  overcome  resistances^  and  produce 
efiects^  wh^ch  could  never  have  been  accomplish- 
ed by  the  original  force.  So  great  is  this  accu- 
mulation of  power,  that  a  force  equivalent  to  20 
pounds,  applied  for  the  space  of  37  seconds  to 
the  circumference  of  a  cylinder,  20  £^  diame- 
Ceri  which  weighs. 47 IS  pounds^  would,  at  the 
.  distance  of  one  fqotj^mn  the  ca^tre^  give  an  im- 
pulse to  a  musket  bsdt  equal  to  what  it  receives 
orom  a  fidl  charge  ot,  i^powd^n  In  the  space 
of  6  minutes  and .  IC^  8econd%rrthe  s^me  effect 
would  be  produced,  if  the  cylinder  yf^$  driven 
hy  a  man  who  constantly  eserted  a  £i>rce  of  90 
pouiKJU.at  a  winch  1  foot  long.* 
ibMBpii.  This  accumulation  of  power  is  finely  exem- 
^«  ^  plified  in  the  sling.  When  the  thong  wmch  con- 
tains,the  stone  is  swung  round  the  head  of  the 
dinger,  the  force  of  the  hand  is  continually  ac- 
cun^ulating  in  the  revolving  st<me,  till  it  is  dis- 
chairged  with  a  degree  of  nudity  which  it  ceuld 
'  never  have  received  from  the  force  of  the  hand 

alone.  When  a  stone  is  projected  from  the  hand 
itself,  there  is  even  then  a  certain  degree  of  force 
accumulated^  though  the  stone  only  moves 
through  the  arch  of  a  circle.  If  we  fix  the  stone 
In  an  opening  at  the  extremity  of  a  piece  of  wood 
2  feet  long,  and  discharge  it  in  the  usual  way, 
there  will  be  more  force  accumulated  than  with 
the  hand  alone,  for  the  stone  describes  a  lai^ger 
arch  in  the  same  time,  and  must  therefore  be 
projected  with  greater  force. 

, ^ 

*  Thk  hat  been  demcvittnitcd  by  M^*  Atipppd.   .  See 
hit  TreatiK  pn  RccdtiKtcai and fiomory  Motion*     :  ■- 
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Wh«  C6&1S  or  medak  arc  struck,  a  very  con- 
fiiderable  accumukttion  of  power  is  necessary,  and 
this  is  effected  by  means  of  a  fly.  The  force  is 
first  accumulated  in  weights  fised  in  the  end  of 
the  fly;  this  force  is  communicated  to  two  levers, 
by  which  it  is  &rther  condensed  :  and  from  tbetsft 
levers  it  is  transmitted  to  a  screw  by  which  it 
suflfers  a  Second  condensation.  The  stamp  is 
then  impressed  on  the  coin  or  medal  by  means 
of  this  force^  which  was  first  accumulated  by  the 
fly,  and  afterwards  augmented  by  the  intervention 
of  two  mechanical  powers.^ 

Notwithstanding  the  great  advantages  of  fly-^  imporuace 
wheels,  both  as  regulatc»rs  of  machines,  and  coU  2^/^°^ 
lectotB  of  power,  thdr  utility  whoUv  depends  wheeUpro- 
ypon  the  position  which  is  assigned  tnem,  nha^^^y- 
live  €0  the  impelled  and  woHcmg  ponits  of  the 
engine.    For  thk  purpose  no  panicutar  rules 
am  be  laid  down,  as  their  position  depends  aU 
together  irtk  the  nature  of  the  machinery*    We 
may  observe,   however,   in  general,  that  when 
fly-wheels  are  employed  to  regubte  machinery, 
they  should  be  near  the  impeLUng  power  ^  and, 
when  ased  to  accumulate  force  in  the  working 
pc^,  they  shovild  not  be  far  distant  from  it*    bi 
hand-mills  for  grinding  com,  the  fty  is  for  the 
most  part  very  injudiciously  fixed  on  the  axis  to 
which  the  winch  is  attached ;  whereas,  it  should 
always  be  fastened  to  the  upper  mill-stone,  so  as 
to  revolve  with  the  same  rapidity.     In  the  first 
position,  indeed,  it  must  equialize  the  varying  ef- 


'  In  the  article  on  the  Steam  Engine,  the  reader  will  tqe 
an  account  of  a  new  kind  of  fly,  called  the  conical  pendu*^ 
lum,  which  Messrs.  Watt  and  Boulton  have;  verj  ingeni- 
ously employed  for  regpilatbg  the  admission  of  steam  into 
the  cylinder. 
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£3rts  of  the  power  which  moves  the  winch  ;  but 
when  k  is  attached  to  the  turning  /niU-stone,  it 
not  only  does  this,  but  contributes  v^ry  effectu- 
ally to  the  grinding  of  the  com. 

Dr.  Desaguliers  mentions  an  instance  of  a 
blundering  engineer,  who  applied  a  fly-wheel  to 
the  slowest  mover  of  the  machine,  instead  of  the 
swiftest.  The  machine  was  driven  by  4  men, 
and  when  the  fly  was  takea  away,  oi^e  uxm  was 
sufficiently  able  to  work  it*  The  error  of  the 
workman  arose  from  his  conceiving,  like  many 
others,  that  the  fly  added  power  to  the  machine  ; 
but  we  presume,  that  Dr.  Desaguliers  himself 
has  been  accessory  to  this  general  misconception 
of  its  nature,  by  denominating  it  a  mechamcal 
power.*  By  the  interposition  of  a  fly,  however, 
as  the  doctor  well  knew,  we  gain  no  mechanical 
force ;  the  impelling  power,  on  the  contrary,  is 
wasted,  aiid  the  fly  itself  even  loses  some  of  the 
force  which  it  receives,  by  the  resistance  of  the 
air« 


^  Dr.  Desagulicn  calls  it  a  mechamcal  organ  ;  but  he 
gives  the  'same  appellation  to  the  lever»  and  all  the  other 
piechaDical  powers.  S^e  his  experimental  Philosophy. 
VoLi,p.344. 
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MECHANICS. 


0N  THE  CONSTRUCTION  AND  BFFBCTS  OF 

CHINES,' 


j9y  Mr*  John  Leslie,  Professtur  of  Mathen^atia  in  the  IM^ 

versiiy  of  f^tinburgh.      . 


1^  It  is  a  prinQipIe  in  statics,  tl^t,  if  a  body  ac4 
upon  another  by  the  int;ervention  of  machinery, 
fui  equilibrium  will  obtain  when  their  potenticU 
velocities  are  reqprocally  as  their  .masses.  If 
the  power  exerted  be  ^ugm^ted  .beyond  what 
is  barely  sufEcient^  to  mamtain  the  balance^  ^ 
fnotion  wfll  immediately  commence,  and  if  it 
be  still  increased^  <he  velocity  will  continually 


'  This  excellent  paper^  whic|)k  Professor  Leslie  was  mi 
kind  as  to  commuoicate  to  the  editor,  was  written  at  Lon« 
don  so  eiirly  as'Febroary  1790.  The  same  subject  was  kf« 
tcrwards  ^in  I801i);treated  at  great  ibigth  by.  the  late  Dr* 
Robison,  in  the a|rt.^||f i^hineryy  Supr  t^^ypL  Briun.^,mQd 
we  do  not  conceive  that  we  a^  dera^^io^  in  tl^e  IqaAt  fi-on 
the  talents  oT  tliat  learned  and  gooa  man,  w^en  we  say,  that 
thjc  pfemt  paper  is  ^tteh'^1i'gre^[er  ']^crspicuft)r,'ii(oa 
giY^s  a  moire  elementary  and '  cOnn€<3ted  xitw  ci  kMimter* 
^hg  stt^jca^    A(  aoimc  future  ppnoi  Mi  lifc4irtfliead» 
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increase.  But  this  velocity  will  increa^  in  a 
smaller  ratio  than  the  power;  and  there  will, 
therefore,  be  a  certain  point  of  augmentation,  at 
which  the  force  employed  will  produce  the  great- 
est proportional  eflfect.  Such  is  the  grand  object 
ihat  we  ouffht  to  have  always  in  view  in  the  con- 
struction of  machines. 

2.  Forces  have  been  divided  into  two  kinds  ; 
those  whose  acdon  is  supposed  to  be  instantan- 
eous^  and  those  whose  acdon  is  continued  and  t n- 
ceuanU  The  former  have  been  termed  impuis^ 
tvCj  the  latter  accekrating  or  retarding.  Though 
accelerated  or  retarded  motions  perpetually  oc- 
cujt  to  our  obeervadon,  the  ancients  seem  to 
have  admitted  no  other  force  but  that  of  im- 
pulsion. It  is  difficult,  indeed,  to  conceive,  that 
a  body  can  act  at  a  distance ;  and  the  idea  that 
motion  is  always  communicated  by  contact,  is 
bne  of  our  earliest  and  strongest  prejudices. 
1^  Isaac  Newton  hitnself  was  m  this  mstance 
carried  away  by  the  current  of  opinion.  ^ 
dieory  of  d^her  was  an  attempt  to  explain  gra^ 
vitation  bf  impulsive  forces. — ^But  there  are 
many  facts  and  eitperiments  tiMch  satisfactorily 
jKrove,  tteit  between  the  particled  of  matter  there 
subsists  a  repulsion,  Intreasing  as  die  dfetance 
diminishes,  and  that  no  absolute  contact  can  ever 
take  place.  A  body  does  not  acquire  its  cele- 
rity in  an  instant.  Nothing  material  can  exist 
but  what  is^nite  ;  and  the  beautilul  law  of  coen^ 
tinuaikmf  by  whidi  changes  are  produced  by  inw 
perceptiMe  shades,  can  never  be  violated^  But 
dn  am^ing  fierce  may  ht  e2i:ert6d,  and  an  effect 
may  be  produced^  in  a  time  so  sinall  as  to  elude 
ibe  actiteiieas  of  our  senws.  Heace  the  oriEia 
oEjomr  idea  thtt  raoticm  ia  derived  from  knpum^ 
If,  however,  we  cooMxit  the"il(ibj6Ct  witfk  xtiOK 
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atttodoiiy  we  shall  find  that  it  is  really  as  diffi* 
cult  to  conceive  action  in  contiguity  as  at  a  dis- 
tance. In  neither  case  can  we  deduce  the  con* 
sequences  a  priori.  The  connexion  which  sub- 
!usts  between  cause  and  effect  is  not  necessary 
and  absolute ;  it  is  founded  upon  the  invariaUs 
experience  of  our  senses.  We  may,  therefore, 
conclude,  that  there  is  only  one  kind  of  force, 
and  that  is  the  accekraiing  or  the  retarding. 
Hence  it  will  always  be  possible  to  determine  the 
proportional  intensity  of  any  given  force,  com- 
pared with  that  of  gravity 5  and  to  assign  a  weight, 
which,  by  its  pressure  alone,  would  in  a  given 
dme  produce  the  same  effect. 

3.  If  the  gravity  of  an  elementary  point  at 
the  earth^s  surface  be  denoted  by  1 ,  the  whole 
attractive  force  will  be  as  the  number  of  points, 
or  as  Mf  the  mass  of  the  body.  Let  F  express 
the  intensity  of  another  force  urging  the  same 
body;  then  MxF  will  denote  me  quantity  of 

force  exerted,  or  ♦ ;   but  -rr^jF;  wherefiare, 

the  intensity  of  a  force  is  directly  as  its  quantity, 
and  inversely  as  the  mass  which  is  urged. 

4.  Let  r=  the  velocity  of  a  body,  5=  the 
space  described,  and  Tzz  the. time  of  descrip. 
tion ;  the  velocity  that  is  acquired  may  be 
conceived  to  be  composed  of  all  the  successive 
augmentations  which  are  produced  by  the  con- 
tinued exertion  of  the  force,  and  wfaith  are  pro* 
pordonal  to  the  ftuimsity  of  its  action,  fiat 
the  force  may  for  ^  moabieaat  be  conceived  to  be 
uniform;  whence  the  increment  of  velocity. is 
oompounded  of  the  force,  and  of  the  incremcstt 
of  the  time,  or  F^FT.  Suppbee  the  foite  to 
b?  constant^  then  F=^FT ;  an4  when  the  time  is 
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riven^  the  velocity  must  be  as  the  accelerating 
irce.  Let  FzzCFT,  and  ^and  T  denotfe  feet 
and- seconds  of  time.  When  -F=l,  and  Tzzl^ 
we  shall  have  f^ziCzz  the  velocity  acquired  by 
descent  at  the  surface  of  the  earth  at  the  end 
of  the  first  second.    Put  ^=16.1   feet,  then 

C=3rf;  whence  F—2dFi'md  tzz^ 

5.  We  may  conceive  that  the  velocity  is 
uniform  for   an  indefinitely  small  portion   of 

time.     Whence  SzzFT  and  T=— :  hence  also 
••  V 

'  s  •  • 

J^r:;^;  t)ut,  by  the  last  article,  Fzz2dFT^  coa- 

sequently  FFzz  2dFS  ;  from  which  equation  the 
velocity  may  be  determined,  when  the  relation 
is  given  between  the  accelerating  force  and  the 
q>ace  described.  If  /"  be  constant,  then  by  in- 
tegration, \FFzz2dFS  and  F'  =4dFS ;  where- 
fere  Fz:z2x/dFS.     At  the  same  time,  because 

F'^2dFty  izz  2dFTT;  whence,  S=2dxFT% 

6.  We  mav  divide  machines  into  two  general 
lands ;  into  those  where  the  action,  is  interrupt- 
ed and  renewed  at  short  intervals,  and  into  those 
vphere  the  action  is  con&iued  for  a  certain  pe^ 
nod.  In  the  former^  the  efiect  of  ;friction  not 
having  time  to  accumulate,  may  generally  be  dis- 
regarded,'aiod  the  motion  may  beKConsidered  zb 
uuformly  accelerated.  ■ .  With  regard  to  the  lat- 
ter, if  a  machine  be  constructed  so  that  the  re- 
sistance is  greats  it  increases  :rapidly  with  the  ce- 
lerity ;  it  soon  counterbalances  the  accelerating 
fpr^e,  9nd  produces  9  m^on  which  is  equ^  and 
jfOfljSW^t.  :       .^ 

i^'ljei  us  abstract  the  momenta  and  fiictioii 

4 


\ 


MECH'Al^ICS.  386 

^f  the  parts  of  communication,  and  consider  the 
effects  of  a  machine  >vhich  is  uniformly  impel- 
led. Suppose  the  motion  of  a  power,  equal  to 
the  gravity  of  the  mass  /),  be  connected  to  that 
of  a  weight  w^  so  that  the  potential  velocity  of 
the  former  be  constantly  to  that  of  the  lafter  as 
t;;  1,  and  let  v  be  termed  the  advantage,  h 
is  manifest,  from  the  principles  of  statics,  that 

m 

a  part  —  of  the  power  is  able  to  maintain  the 

equilibrium,  and  that  the  remaining  part  p 

only  is  employed  in  producing  the  motion.     But 

the  action  of  thb  force  p is  divided  between 

the  power  and  the  weight.  Put  y=  the  part 
which  urges  the  power,  and  zir  the  part  which 
is  exerted  against  the  weight.  But  (3)  the  in- 
tensity of  the  force  y,  which  impels  the  power, 

is  denoted  by  -^ ;  and  therefore  the  velocity  ac-? 

quired  in  a  given  time  is  (4)  also  — .      But   the 

influence  of  the  force  z  upon  the  weight,  wiU, 
in  consequence  of  the  mechanism,  be  equal  to 
the  direct  action  of  a  force  vz;  whence  the 
velocity  acquired  by  the   weight  in  the  same 

time  will  be  — .      Wherefore,   by  hypothesis, 

•^ :  — : :  V  :  1  }  consequently  —zz^^  atid  yzs 

^-^.    But,  from  the  notation, /> — ^=y-j-z  atid 

y  =  p — z— — i  or ;  therefore  — ^--= 

^  Mr  ^  #  V  W 

—  and  reducing,  v^pzziizpvw — zt-u;— w% 


tod  transposing,  v^pz — vwzzzLpvw^-^-w* y  whence 
^7^  ,  consequently  the  real  action  upon 


the  weight,  or  rz=    ,^  . 
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8«  Hence  the  intensity  of  die  force  whieh 

urges  the  weight,  or  Fis  J.^^^^^)or^^, 

consequently  this  intensity  is  to  that  of  terres- 
trial attraction  as  pv — w :  v^p+w.     But  this  ac- 

lion  is  uniform ;  whence  (4)  f^zz2dFTf  or  the 
actual  velocity  which  the  weight  acquires  in  itft 

ascent  during  the  time  T  is  2rfT  (l^TT"  )-> 
Wherefore  Szi2dTTx  l^T^^  and  integrating, 

the  space  described  is  dT*  (^^^)» 

9^  When  the  velocity  of  the  power  is  equal 
to  that  of  the  weight,  then  vz;:!  and  the  inten- 
sity of  action= ^^^  or  1  —  --^  »    Whence  the 

effect  increases  more  slowly  than  the  power. 
Thus,  according  as  the  power  is  equal  to  the 
weight,  is  double,  triple,  or  quadruple,  &c.  the 

intensity  of  action  is  O,  y,  ^,  f,  f ,  &c and 

ultimately  =1.  The  comparative  intensity  is, 
therefore,  O,  i,  i,  -i^,  -2-,  -^,  ^^,  &c.  and  ulti- 
mately  =rO.     If  pr:tt«,  the  intensity  of  action  is 

5^  ^"^  "^  (;^)-  Suppose  the  advantage 
to  be  successively  1 ,  2,  S,  4,  5,  &c.  then  the 
intensity  of  action  is  O,  f,  f,  -^j  -^,  -A^,  ^,  &c. 
and  uidmatdy  vanishing.  Both  mese  series 
commence  at  zeroj  increase,  become  stationaryt 
and  then  continually  decrease,  till  they  vanish. 
In  the  present  case,  the  maximum  must  lie  be- 
tween the  2^  and  3^  terms ;  for  these  are  equal 
in  both. 

10.  Since  the  intensity  of  action  produced 

by  the  power  p  is  ^^->  the  comparative  inten- 
sity, or  the  effect  produced  by  a  given  force  1, 
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„... ^  ^^^  a  .      ->r  rTTTT^*    This  quail* 

tity  is,  therefore,  tlxe  proper  measnre  of  eflFcct, 
and  to  increase  it  must  be  our  ereat  object  in 
improving  the  machine— *Let  the  power  and 
weight  be  constant ;  to  find  the  value  of  t;,  when 
the  comparative  intensity  of  action  is  a  nuixi* 

mum.    By  takine  the  fluxion  of  if  o  .'^-^^we 

^^^^  — (f^v^+f^J-^^^  -  ^ '  whence, 
by  transposition  and  reduction,  p^v^-^p^wzz 
2p^v* — 2p*tvvj  or  p^v*+w=2pv^ — 2wvy  and 
transposing,  pv*^-^2wvzzwy  and  dividing,  t;*-~ 

—  a;=-^,  and  resolving  the  quadratic,  i>— ^:r 

Uj+f)  '^  "  =7+^^{7+7-).or''v= 

^        T  *  Hence,  according  as  the  weight 

is  equal  to  the  power,  is  double,  triple,  or  qua* 
druple,  &c.  the  advantage  ought  to  be  1  +  v^^ 
S+v^e,  3+v^l2,  4+v^20, 5+v/SO,  6+v^42, 
&c. 

1 1  •  When  w  is  very  large  compared  with  p 

the  expression  p        ^    ^  '^^^'y-j  +h 

In  most  cases,  it  will  be  sufficiently  accurate  to 
suppose  V  ^—  ;  and  hence,  i^  order  that  a  mar 

chine  may  produce  the  greatest  possible  effect^ 
without  increasing  the  power  ap|>Ued,  the  advarir 
tage  which  would  procure  an  equilibrium  ought 
to  be  at  least  doubled.  Substituting  this  vahit 
in  the  formulae  in  art.  9,  we  obtain  Fzz2dT 

H.  If  tiM  mie  vdue  gf  If,  or  •'W(''+'f-' 


be  substituted  \A  those  formulsi^  we  shadl  ob# 

YfheQ  the  power  is  equal  to  the  weight,  the 

greatest  mtensity  is  ^  --^  .^  or  -^ — ,  or  about 

one  fifth  of  the  force  of  gravity.  If  w;  be  sup^ 
posed  to  be  successively  =72p9  Sp,  4^,  &c.  the 

intensity  of  action  will  he^^^^.  7^^ 

itoW2P>  300J^W30^^<^-"'^^*y  ^q«^^  ^^  ^» 

^,  JL.,  -i-j  ^c.  derived  from  tlie  expressions  ifl 
die  last  article.  If  the  weight  be  great  in  i^ 
spect  of  the  power,  the  intensity  of  action  wiH 

^  ""^^  2t.'.f2yi-t«>-+«y'  °'  P  (sJCeL). 
Hence  the  other  formulae  will  be  found ;   /^=r 

arfT  f-H2C^V  and    S=:dT'x^^^^ 

Wherefore,  in  a  machine  constructed  in  the  best 
manner,  the  accelerating  force  which  impels  the 
weight  never  amounts  to  one  fourth  of  the  gra- 
vity of  the  powef. 

13.  Let  the  weight  and  advantage  h€ 
given,  and  let  it  be  reauired  to  find  the  power, 
when  the  measure  of  effect  or  comparative 
intensity  of  action  is  a  maximum.     Suppose  JJ 

to  be  variable  in  the  expression  {^7?^^  of  art* 
10;  and  taking  the  fluxion,  we  shall  have 
kai!^l-O^X^^^^  O;  whence 

p*v^'\-pvw'=z(2pv^'\'w)  (pv-^w^  and  reducing^ 
tj^p*  '^vwp:=z  2v^p*  ^pvw — '2v*wp — w*^  and 
transposing,  v^p* — 2v*wpzzw^    and   dividuig^ 
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p* ^^  —  pzz^  2iid    resolving    the    quadratic. 

Hence  1£  the  advsmtagd  be  1^  2,  3,  4,  5,  &c.  the 
power  ought  to  be  w  (j+^2)^  w  (T+\/i)> 

&C.  '      . 

14,  If  V  be  large,  the  value  ofp  ^ftl  be  near- 

ly  =— +  5^,  or  -  f  l-H4;),or  m  general=- 

nearly  ;  that  is,  the  power  sufficient  to  maintain 
an  equilibrium,  must  at  least  be  doubled  to  pro« 
duce  a  maxintum  effect.  Substituting  the  prox- 
imate Value  of /)  in  art  8,  we  shajl  Have  Fzz^aT 

is.  Sihccj  by  the  last  article,  ^=7:-  +^^ 
nearly,  reducing  and  transposing,  4t;*j&=r8tii;+ 
2tts  and  dividing,  v^~  z;=^,  and  resolving 

the  quadratic^  we  obtain  V2z~+^ljr+^)^ 

or  vzz  — +  7  nearly.    Substituting  this  value  of 

V  in  the  above  fbrmuls,  we  shall  obtain  in 
terms  of  pj  after  proper  reductions,  Fz:z2dT 

V32w*+20u#+2^V^"*^     ^^    V32w»+20u^+2?*A 

But  when  v  is  large,  these  formulae  will  be  ex^ 
pressed  with  sufficient  accuracy  thus,    Fzz2dT 

fg     L^  the  true  value  of  p  or  —  -f\/ 
(p:'*'^)  ^  substituted,  an4  ^e.  4^alL  obtain 
Fohll  A  a 
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r=z2dT(     .^^^:rXt":i     ,.  and  SzzdT' 

^.y^'"^"'y.^TL     .       If  «'=^  Md-y  he 
denoted  by  1,  2,  Sj  4^  5,  &c.  die  corresponding 

absolute  mtensiity  will  be   ^jla/o  >  ^  \/2-— 1  > 
^6         V^i2  v^2o  yao       - 

o-f  v'24'  124-^^106'  204.^320'  30+4/730* 

1  ?•  If  the  accurate  value  of  p  he  substituted 

in  the  expression  ^TTT    ^^^^  ^J^^  con^arative  in- 

Suppose  M;=rt  atjA  t?  successively  =192^  3,  4,  5, 
&c.   Then  the  measul^  of  the  effbct  will  be 


4+^HV2^  '^— V  -»  i2+^gi6+^6' 
-v/108  v^300 ^750 


24+-v/432+-v/12»40+v'^280+v^20^7O+v'3O00+v^25 

&c.  Let  v  be  a  laiige  number,  the  proxi- 
mate measure  of  the  effect  will  then  be   ::z 

v+i  2v+l  J  ,. 

sion  will  be  ultimately  ^7,  Wherefore,  com- 
paring  this  resuh  widi  Ast  in  art.  12,  it  appea^rs, 
that,  in  whatever  way  the  maximum  be  procur- 
ed, the  fbrefe  which  impels  the  weight  can  never 
amount  to  one  fourth  part  of  the  direct  action 
of  the  power. 

18.  Hitherto  we  have  not  taken  into  account 
the  fotce  expended  in  impresssing  motion  upon 
the  parts  01  the  macliine  vdiich  connect  the 
power  and  weieht.  Let  ti^  6,  Cy  dj  &c.  denote 
the  masses  of  the  communicating  parts,  ancb  let 
«,  $y  y,  S,  &c«  be  proportional  to  their  corre- 
spondii^  vdtocldas,  and  Q  to  that  of  the  wa^t» 
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It  is  obvious,  that  the  momentum  of  the  part  a 

is  equal  to  the  momentum  of  die  mass  ^ :    In 

the  same  manner,  the  HSiomentum  of  by  c,  dy 
&c.  will  be  equal  to  that  cf  the  quantities  of 

matter  ^^  ^^  ^^  &c«  moving  with  the  celerity 

of  the  weight  to  be  jratsed.  But  ^from  the 
permanency  of  the  construction,  these  quax|f* 
titles  are  constant.  Whence  the  total  quanti^^ 
ty  of  motion  is  the  ^ame  with  ^at  of  a  amsB 

^^ — '^^        9  which  is  given.    Let  it  be  equal 

to  q,  and  supposing,  as  before,  the  power  s2> 
and  the  weight  =rti;,  the  whole  mass,  on  which 
the  celerity  of  the  wdght  to  be  raised  must  be 
impressed,  will  be  denoted  by  K'tf-f  • 

19.  It  is  obvious  that  ^  is  ^1  that  port  of 

the  power  which  is  suiEdent  to  maintain  the 
equilibrium,  and  that  the  motion  is  produced 

by  the  remaining  port  p —  ^  or  ^-— .     This 

accelerating  force  may  be  resolved  intg.a7,  which 
is  exerted  against  the  compound  waght  w-^-q^ 

and  tSU^  — IT,  or  ^^^^^^^^?5^^,  which  acts  directlj 

upon  the  power  p.  But  the  velocity  gener» 
ated  in  a  given  time  is  (5)  as  the  intensity 
of  the  force  divided  by  the  mass.  The  veIo« 
city  of  the  power,  therefore,  will  be  denoted 

by^f^'^'")  or  fery^ry.     But  the  exer- 

tion  of  the  force  x^  which  urges  the  compouod 
weight,  is,  in  consequence  of  the  mechanisniy 
equal  to  the  direct  action  of  vx.  Whence  the 
celerity  acquired  in  the  same  time  will  be  ftz- 

A  a2 
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pressed  by  -^7»     Therefore,  from  the  toildi- 
dons  of  the  motion  — ; — :  ^ — •- :  il:v;  con- 

W+q  fv 

sequently  ^=^5^=^=^,  and  reducing, />t;^+ 
qvx  X  luvx  =r  pvw — w*  -f"  pqv^^w^  and  divid- 

Whence  vx,  the  real  force  exerted  upon  the 
compound  weight,  is  =*'^^^^^t^  -     The  in- 

rensity  of  force  is,    therefore,   =  ^^Ij^-^- 

Hence  we  shall  obtain  expressions  for  the  space 
described,  and  the  velocity  of  description.    For 

ir-2dT  (  ^^^   )  and  SzzdT'  A- f  ^^^    \ 

;gO»    Since    the    intensity    of  action  is   = 

^^7"^  ■     the   measure  of  effect  will  be   = 

—^^^.    Supposing  ;>  to  be  variable,  and 

taJdng  the  fluxion,  we  shall  obtam,  when  the 
effect  is  a  maximum, 

Whence /)*iz^+Pyi;+/^z(w  =  C2pv*  +?  +W 
(pv-^w)  =:2/)*i;'  +  pqv  +  pwv — 2pv*w — qw 
•~u/*,   and   transposing,  p^v^ — 2pv*tv   zn  qw 

+«;*,  and  dividing,  p*—^,pzi^  ^    ,  and  re- 

solving  the  quadratic,  p=  -^+^(^+21  +^J^ 
•If  V  be  large,  the  value  of  p  will  be  nearly 
— f-TTT+A*  Whence  in  machines,  where  the 
advantage  is  great,  we  may  disregard  the  mo*- 
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menta  of  the  connecting  parts,  and  <*onsider 
the  fprce  which  ought  tp  be  employed  ^is^  double 
6f  what  is  barely  able  to  maintain^  jthe  equili'<^ 
brium*  - 

21.   In  our  investigations,  we  have  always 
supposed  that  the  same  accelerating  force  is  imi*        .    ^ 
formly  exerted.    But  instances  frequently  occuTf 
where  the  power  applied  increases  or  diminishes 
during  the  action  of  the  machine,   .'tliis  varia- 
tion oiay  be  affected,  by  numberless  circum- 
stances, and  the  general  hypothetical  solution  of 
the  problem  would  involve  tedipus  and  com* 
plicated  formulae.     We  shall  content  ourselves 
with  a  familiar:  example.     Supppse  that  a  weight 
P  is  attached  to  one  of  the  extremities  of  a  rdpe,' 
WABPy  of  equal  and  uniform  texture,  and  ap-  p^-ate  ix, 
plied  to  the  circumference, of  a  wheel,  and  to ^'^'^ 
the  other  extremity  a  smaller  weight  fV  is  ap- 
pended.' 

It  is  manifest,  that  P  will  at  first  desceqd 
solely  by  its  excess  of  weight ;  but  its  exer- 
tion will  be  continually  increased,  from  the 
addition  of  the  portion  of  the  rope  BP^  while 
the  antagonist  power  IV  suffers  an  equal  dimi* 
nution. 


.— — ' --^^ — ' '  ■   •  -  ■  ■ 

^  A  machine,  constructed  upon  this  principle,  is  actual- 
ly employed  in  some  coal  works.  P  is  a  light  capacious 
bucket,  iV  another  that  is  strong  and  massy.  When  both 
^Yt  empty,  IV  descends  and  elevates  P  ;  /^  is  then  loaded 
with  coals,  and,  at  the  same  time,  a  cock  is  opened  which 
fills  P  with  water.  P  then  descends,  by  its  superior  weight, 
and  raises  the  load.  But  when  it  reaches  the  bottom  of 
the  pity  it  pushes  up  a  valve,  the  water  is  discharged,  ai^ 
the  action  of  the  machine  is  renewed. 

A  as 


92.  It  wiH  be  prop«p  to  take  into^  account 
Ae  momentum  of  the  wheel.  Let  it  b# 
supposed  to  be  solid  and  homogeneous,  and 
let  the  radius  of  the  whole  jICzztj  and 
of  the  yara^  ciFcle  CDsjr,  and  let  ir= 
ftATB  nc  0.2892 ;  then  the  minute  annulus  DEde  is 
^^'^'      equal  to   the  rectamgle  of  its  length  and  its 

breadth,  or  irxx;  but  the  Telocity  is  directly 
as  the  distance  from  the  centre  of  motion; 
whence  the  momentum  of  the  annulus  will  be 

equal  to  that  of  -^~  applied  at  A.    And  since 

p^^^f  the  momentum  of  the  whole 
matter  of  the  wheel  is  equal  to  the  momentum 
of  a  quantity  of  mattei*  ~;^  or  ^^  haying  the 

velocity  of  the  point  A*    But  ^-t-=  area  or 

j£  and  — -zr-f-^,  and  hence  the  momentum  of 

the  wheel  will  be  the  same,  if  ^  of  its  matter 
were  collected  and  accumula^  at  its  circumfer«* 


2S.  Now  let  us  denote  the  weight  to  be 
raised,  together  with  that  of  the  Yope  and  -|. 
of  the  wheel,  pzr  the  power  applied,  Air  the 
length  of  the  rope,  or  the  whole  height  of 
ascent,  azz  the  weight  of  the  rope,  and  bz=:y 
of  the  weight  of  the  wheel,  and  xrr  the  space 
tiirough  iVhich  the  ascent  is  already  made.    The 

ibrce  applied  k  there£art  =/»+^  and  the  re. 

ttstance  opposed    =rty    ^  '  ^f  >    consequently, 
the  accelerating  force,  which  must  l>e  the  dif- 
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ference   of  these,    is    =p+&  —  m;+  — ,  or 


^    "*"     .  But  this  must  bediflfu?ed  through 

the  whole  mass  t^+P »  wherefore  the  intensity 
of  action  is  =;<*±^J^+2fff.     It  was  shw 

in  art.  5,  that  rr=  2iX^^^±^^±^, 
and  integradng,  ir'=2d  x^^^^ii^^^' ' 
consequendy    r=2^d^{^^±^^^^y 

hence  the  final  velocity  iszz2x/dh^i^^i^      '^^J^ 

24.  Let  the  power  applied  be  equal  to  the 
whole  weight  of  the  rope^  and  suppose  that  no- 
thing is  appended  to  the  other ;  then,  if  the  mo- 
mentum of  thp  wheel  be  disregarded,  the  final 

velocity  will   be   =2^dhX  x/  ^  or  v^  2(/A. 

But  the  velocity  which  a  body  would  acquire 
by  descending  through  the  same  spa^ce,  if  entire- 
ly disengaged,  is  ^  Adh  ;  its  velocity  is,  there- 
fore, to  that  of  the  former,  as  1 :  v^2. 

25.  It  was  shewn  in  art.  5,  that  7*  =  -^ ; 
whence,  from  the  formula  in  art.  ^3 ;    T  =^ 

* 

plying  the  numerator  and  denominator  by 
^  (it*^),  we  shall  obtain  t  =z~^  x 
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^  \      «      /  •  pi+U—uth         X .      Put 


\/  (x*  X—— -Xx  j 

=   n ;    then    T  =     /^+^x 


I         y    fh^nulf. 


VOc%nxji  wherefore  T=V  ^-^^ 


26.   To  find  the  fluent  p£  ^^^.  ^  „  ^^,  put 

V^(^a?*+ny>/=*+z,-  then^*+px:^jr*+2zjr-j-z* 
5indn:rsr^^^+2i*>  and  trapsgosihg,  w^ — 2zjr=z^ 

and  dividing,  ar=  ^j-^,  and^aking  the  fluxion, 

•  *        ■ 

2zzCn — 2zJ  +  2z*z  2n%% — 2«*«  t^ 

*=- T-^zlT— ?    or    -^,^^;^.      But 

Vfrx'+'if^^^+^j  ^^  substituting  the  value  of 
«,  -v/  r*-t««>l=„-:^+z.  or  — sl^^— ,  or 
reducing,  r=  ■^;;zr2«   '    whence  the  expression 

■  ^  . , — r-— — y — o  'i«  >  diviaea  by-—-—,  or 
- .    •  * 

^.     The  fluent  of  ^    is    C-Hyperbolic 

J-ogarithip,  n — 2z.  To  find  the  correction, 
suppose  2z=zb  ;  in  this  case  the  fluent  vanishes, 
and  CnHyp.  Log.  n ;  whence  the  true  fluent 
is  Hyp.  Lpg.  7i — Hyp.  Log.  n — 2z,  or  Hyp. 

Log.  ^^^    .    But  z:=:^(x '  -j-nxj — a?,  and  substi- 

tutingthe  fluent,  is  Hyp.  Log.  „j^.^_2"^^,.^„,/ 
To    procure    a   more   convenient    expression, 
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multiply  th^   numerator  ari§  ViferfoTfliinatoir  by 

ti+2x+2x/(x*  ^nx) ;    then    we   have  Hyp, 

j^og.   <>->-a>Wr>-^^,  or  Hyp.  Log. 

tf2*Wr''+<^>',:  and  resuming  the  value  of  n, 

fb+bb — wb  pi^b — wb 

2x-j a\/(^« »  H -— a  J 

'  a  a  ' 

or  by  reduction,  T=y'(*^)  x-ff,X, 

2ax'i'pb^hb^^nvb'\'2^(a*x*^pbx'\^bx^Hiwbx 

pS^bb—mjb 

When  :c=A,  we  bbt^lin  for  the  whole  time 
of  the  perform^ce  T  =  >/(^:^)x-^»-^> 
2.4^1-^yH^  The  value  of  p^ 

IKrhen  the  comparative  quantity  of  actioi)  is  a  max- 
mu??»^  may  also  be  determined,  but  it  will  be  in- 
volved  in  a  transcendent  equaticm.    . 

27.  When  ^he  re^tance  of  the  parts  of  a  ma- 
chine is  inconsiderable,  we  perceive  from  all  these 
investigations  the  importance  of  continuing  the 
action.  The  successive  impulses  are  retained 
and  accumulated,  and  the  performance  constant- 
ly increases*  The  whole  qu^tity  of  acdon,  pro- 
duced by  the  machiiij^,  is  no(  in  the  simple  ra^ 
^o  of  the  t)me  of  continuapcie,  but  in  that  of  the 
square. 

28.  When  we  attempt  to  take  the  resistance 
of  the  moving  parts  of  the  machine  into  the 
account,  we  have  great  difficulties  to  encounter. 
F^icdon  is  affected  by  numberless  circumstances; 
\>y  the  nature  of  ih^  substances  employed  ui  th^ 


/ 


consonictiom  b^d^  f^or^is  tyjf  tM  de|vee  ^f 
fK^h ;  hy  tb«r  v^ocity,  &c.  Nor  is  it  |u:q^ 
bable  that  its  quantity  can  be  daived  from  ge- 
neral principles;  it  must  often  be  detennined 
from  the  individual  case,  and  can  never  be 
accurately  ascertained.  Friction  may  be  con- 
sidered as  a  continual  retardyig  force.  It  may 
therefore  be  compared  with  that  of  gravity,  and 
its  effect  may  be  estimated  from:  that  of  a  coun- 
teracting weight.  The  mass  of  the  connecting 
parts,  and  their  friction,  both  contribute  to  di- 
minish the  celerity  of  the  motion ;  btit  they  pro- 
duce  this  retardatiQiii  in  diffelte^(  w^y^•  The 
momentum  which  must  be  impre^^d  upon  the 
connecting  parts  of  the  machine  requires  a  great- 
er diffusion  of  power,  and  thus  diminishes  in 
some  degree  its  effect  Friction  does  not  alter 
the  general  mass,  but  reduiies  the  quantity  of 
accelerating  force,  and  consequendy  the  int^is* 
ity  of  its  action.  If  the  quantity  ef  friction  were 
equal  and  constant,  it  is  obvious,  that  if  the  mov- 
ing pow^  exceed  it,  the  onoden  would  be  per- 
petually accelerated,  ^t  this  is  very  far  from 
the  fact ;  for  ail  the  motions  vAiti  wmch  we  are 
acquainted  tend  to  an  uniform  celerity,  and  in  a 
certain  time  would  actually  attain  it.^  We  may 
therefore  conclude,  that  in  the  same  maehine, 
the  fricdon  increases  in  a  certain  ra{io  with  the 
velocity.  Hie  great  desideratum  in  mechanics  is 
to  determine  the  law  of  progression,  and  our  de^ 
ductions  upon  this  subject  must  be  considered  as 
merely  hypothetical. 

29.  Suppose,  as  bef<»re,  «;=  the  weight  to 
be  raised ;  qzz  the  mass,  which,  if  attached  to 
the  weight,  would  have  the  momentum  of  the 
connectmg  parts;  />zr  the  power  employed; 
v=  the  adoQMage  ;  and  let  the  frietion  be  equal 
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to  fs  some  fimctioa  of  the  celerity  of  th^  wright. 
Because  the  moviog  parts  of  the  machine  re- 
main the  same  as  before,  it  is  manifest  that 
the  intenaty  of  action  will  be  proportioned  to 
the   quand^   of   accelerating   force;    vheuce 

^  or  />t;-— t^  :  pv^^"^ — w^ : : 


/yr^  ' :  ■iTTv^'y  the  true  force  which  con* 

stantiy  acts  upon  the  weight.  Whence,  if  the 
quantity  vp  be  less  than  pv — w^  the  modon 
will  be  accelerated  ;  if  t*9  be  greater  than 
pv — Wy  the  modon  will  be  retarded.  In  the 
natural  progress  of  modon,  the  celerity  at  first 
increases,  or  t/f  constandy  approaches  to  an 
eouality  with  this  constant  quantity  pv-r-w^  and 
wnen  this  equality  takes  place,  tne  velocity  is 
perfectly  uniform.     Hence   the  final  celerity 

may  be  determined  from  the  equadon  9  rr^""^" 

Thus,  if  we  suppose  that  the  fricdon  increases 
in    the    ample    rado    of    the    velocity,    then 

^^  3;£!Z2?  or  V  ^^JULl^^    If  ^  —ml^^^  then 

7  • 
30.  We  may  neglect  the  performance  which 

is  made  during  the  first  acceleradon  of  modon 

as  inconsiderable,    when    compared   with    the 

whole.     The  quandty  of  acdon  will  therefore 

be  as  P^;  and  if  the  power  aflFects  the  fricdon 

only  by  altering  the  velocity,  the  comparadve 

acdon  will  be  denoted  by  — ;  whence  the  per- 
formance  will  be  a  maximum^  when  pVzzVp. 
If,  as  before,  f=mF— ;  then  (^— 7— V^^x  — 
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nvp  ^  pth^-^j  and  transposing,  to  =  pv-'-^pvu^ 
and  dividing,  p  '=  —j^.  Or  put  - ,  the  power 
which  would  barely   maintain  an  equilibrium 

SI.  The  law  of  the  increase  of  velocity  at 
first  may  also  be  ascertained.  For  (art.  4*), 
the  time  corresponding  to  thfe  velocity  ^  is  = 

/—,  and  in  the  present  case  T  -f^  x 

j^  'Tr!!!  x^    As  *  is  a  function  of  K  the 

fluent  may  altvays  be  expressed  at  least  by  an 
infinite  series. — ^These  formulae  might  also  be 
applied  to  rectilineal  motions  performed  in  re* 
^istine  media ;  but  this  would  mher  b^  a  digres. 
^n  ironi  the  subject* 
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DESCRIPTION  OF  A  SIMPLE  AND  POWERFtJL 

CAPSTANE. 

X  His  capstane  is  rqpresented  in  Kg.  ],  whete  Plate  ix, 
-^  Z)  is  a  compound  barrel  consisting  of  two  cy-  cScri^tSi 
linders  C,  D  of  different  radii.  The  rope  DE  C  of  *  mm^ 
is  fixed  at  the  extremity  of  the  cylinder  X),  and  ^^P***^ 
after  passing  over  the  pulley  Ey  which  is  attach- 
ed to  the  load  by  means  of  the  hook  JP,  it  is 
coiled  round  the  other  cylinder  C,  and  fastened 
at  its  upper  end.  j4B  is  the  bar  by  which  the 
compound  barrel  CD  is  urged  about  its  axis,  80 
that  the  rope  may  coil  round  the  cylinder  />, 
while  it  unwinds  itself  from  the  cylinder  C.  Let 
us  now  suppose  that  the  diameter  of  the  part 
D  of  the  barrel  is  2 1  inches,  while  the  diameter 
of  the  part  C  is  only  20,  and  let  the  pulley  E 
be  20  mches  in  diameter.  It  is  evident,  then, 
that  when  the  barrel  j4D  is  urged  round  by  a 
pressure  exerted  at  the  point  B,  63  inches  of 
rope  will  be  gathered  upon  the  cylinder  X),  and 
60  inches  will  be  unwinded  from  the  cylinder  C 
by  one  revolution  of  the  bar  ^  By  these  num- 
bers representing  the  circumference  of  each  cy- 
linder. The  quantity  of  wound  rope,  there- 
fore, exceeds  the  quantity  that  is  unwound  by 
63 — 60,  or  3  inches,  the  difference  of  their  re- 
spective perimeters ;  and  the  half  of  this  quan- 
tity, or  I7  inches,  will  be  the  space  through 
which  the  load  or  the  pulley  £  moves  b^  one 
turn  of  the  bar.    But  if  a  simple  capstane  of 
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the  saoie  dimensions  had  been  employed,  the 

length  of  rope  coiled  round  the  barrel  by  one 

revolution  of  the  bar  would  have  been  60  inches^ 

Method  of  and  the  space  described  by  the  pulley  or  load 

f^P'^fS  to  be  overcome  would  have  been  30  inches. 

^^^'  Now,  it  is  a  maxim  in  mechanics/  that  the 

power  of  any  en^e  is  universally  equal  to  the 

velocity  of  the  impelled  point  divided  by  the 

velocity  of  the  working  point,  or  to  the  velo- 

*  city  of  the  power  divided  by  the  velocity  of  the 

weight,  that  is,  to  the  velocity  of  the  point  B 

divided  by  the  velocity  of  the  pulley  E ;  coik 

sequently  i^  the  lever  in  both  capstanes  is  the 

,  same,  and  the  diameter  of  their  barrels  equal, 

the  power  of  the  common  will  be  to  the  povirer 

of  the  improved  capstane  as  l-*  to  SO,  that  is, 

inversdy  as  the  velocity  of  their  weights,  and 

the  power  of  the  latter  will  be  -r^  t=  20,  or  in 

other  words,  will  be  equivalent  to  a  20  fold 
tackle  of  pulleys.  *  If  it  is  wished  to  double  die 
power  of  the  machine,  we  have  only  to  cover 
the  cylinder  C  with  lathes  a  quarter  of  an  indi 
thick,  so  that  the  difference  between  the  racGS 
'  of  each  cylinder  may  be  half  as  little  as  before ; 
for  the  power  of  tne  capstane  increases  as  the 
difference  between  the  nidii  of  the  cylinders  is 
diminished.  As  we  increase  the  power,  there- 
fore, we  increase  the  strength  of  our  machine, 
while  all  other  engines  are  proportionably  en- 
feebled by  an  augmentation  of  power.  Wer^  we, 
for  example,  to  increase  the  power  of  the  common 


See  vol.  i»  pp.  57*  58. 
^  In  practice  it  will  be  found  equivalexit  to  a  26  fold 
tackle  ot  pulleys,  as  about  owe  third  of  the  power  of  a  sys* 
tem  of  pulleys  Is  destroyed  by  faction  and  the  bending  of 
the  ropes. 
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capstane,  we  must  diminish  the  btcrrel  in  die  same 
prdfpordon,  supposing  the  bar  of  handspike  not  to 
admit  of  being  lengthened,  and  we  not  only  weak-  Coovett- 
en  its  strength,  but  destroy  much  of  its  power  *^''  '"*'' 
by  a  greater  flexure  or  bending  of  the  ropes. 

The  reader  will  perceive  mat  this  capstane 
may  be  converted  into  a  crane  or  windlass  for 
raising  weights,  merely  by  giving  the  compound 
barrel  ^  fi  a  horizontal  position,  and  subsTitut- 
ihg  a  winch  instead  of  the  bar  AB.  The  su- 
periority  of  such  a  crane  above  the  common  one 
is  obvious  from  what  has  been  said ;  but  it  has 
this  additional  advantage,  that  it  allows  the  weight 
to  stop  at  any  part  of  its  progress,  without  the 
aid  of  a  ratchet  wheel  and  catch,  from  the  two 
parts  of  the  rope  pulling  on  contnury  sides  of 
the  barrel.  The  rope,  indeed,  which  Coils  round 
the  larger  part  of  the  barrel  acts  with  k  larg^ 
lever,  and  consequently  with  greater  force  £sh 
the  other ;  but  as  this  excess  of  force  is  not  suf- 
Hcient  to  overcome  the  friction  of  the  gudgeons, 
tlie  weight  remains  stationary  in  any  part  of  its.path. 

A  crane  of  this  kind  was  erected  in  1*797  at  Bor- 
denton  in  New  jersey,  by  Mr.  M^ean,  for  the 
purpose  of  raising  logs  of  wood  to  die  fr^ie  of  a 
sawmill,which  was  10  feet  distant  from  the  ground. 
The  diameter  of  the  largest  cylinder  was  2  teet,and 
its  length  S  feet ;  the  other  cylinder  was  1  foot  ih 
diameter,  and  of  the  same  length  with  the  largesL 
The  difference  of  their  circumferences,  therefore, 
Wais  3  feet,  and  the  log  would  move  through  a 
space  of  18  inches  with  1  turn  of  the  handsp^e ; 
and  through  the  l-equired  height  widi  only  8 
turns.  The  length  of  the  bar  or  handspike  was 
6  feet,  which,  sft  the  point  where  xhe  pow^r 
was  applied,  described  a  circle  d:  vib6\xt  SO  feet, 
so  that  the  power  of  the  crane  was  as  1  to  20. 
The  length  of  the  rope  was  o^y  ^5  feet,  wher^- 
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as  if  the  weight  had  been  raised  through  the 
same  height  with  a  similar  power  by  means  ot 
a  tackle  of  piilEes,  2V0  feet,  of  rope  must  havd 
been  employed.  In  the  latter  case,  however^ 
the  rope  sustains  only  -5^  of  the  weight,  but  in 
the  former  it  supports  one  half  of  the  load. 

In  describing  a  c^pstahe  of  this  kind.  Dr.  Ro-^ 
bison  asserts,^,  that  when  the  disuneters  of  the 
cyUn(|ers  which  compose  the  double  barrel  are 
as  1 6  to  17.  and  their  circumferences  as  48  to 
51,  the  pulley  is  brought  nearer  to  the  cap- 
stane  by  about  3  inches  for^  each  revolution  of 
the  bai".  This  however,  is', a  mistake^  as  the 
pulley  is  brought  oiily  l-  inches  nearer  tlie  axis^ 
This  will  be  evident,  if  we  conceive  a*  quantity 
pf  rope  equal  to  the  circumference  of  the  larger 
cylinder  to  be  winded  up  ^  all  at:  once,  and  a 
quantity  equal  to  the  circumference  of  the  lesser 
one  to  be  unwinded'all  at  once.  In  the  present 
case,  51  inches  of  rope  vnll  be  coiled  round  the 
larger  part  of  the  barrel  by  one  revolution  of 
the  capstane  bar,  and  consequently  the  load 
would  be  raised  25-  feet,  the  rope  being  doubted. 
Let  48  inches  of  rope  be  now  unwinded  from  the 
lesser  cylinder,  and  the  load  will  sink  24  feet ; 
therefore  251 — 24=  1-  feet  is  the  whole  height  or 
distance  through  which  the  weight  hasbeen  moved. 
^  Dr.  Robison  observes  that  the  capstane  now 
described  was  invented  by  an  untaught  but  ingen-^ 
ipus  country  tradesnian*  It  appears,  however^ 
to  be  the  invention  of  Oeoree  Eckhardt,  and 
wise  of  Mr.  Robert  M'Kean  of  Philadelphia,  son 
to  the  present  governor  of  Pennsylvania.  Mr. 
Gregory  observes,  that  he  has  seen  a-  figure  of 
this  capstance  among  some  Chinese  drawings 
nearly  &  century  old. 


»  Encydopoedia.  Bntanoica  JSuppIement  Art.  Mackintryf^ 
vol.  xXf  p.  X07. 
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ACCOUNT  OP  AN  IMPROVEMENI^  ON  THE  BALANCE. 

It  must  be  a  matter  of  great  convenience  to  the  improte. 
experimental  philosopher,  as  well  as  the  practical  ^^^^^ 
chemist,  to  have  a  method  of  ascertaining  the 
gravities  of  bodies  without  the  aid  of  a  number  of 
small  weights.  The  following  contrivance  has 
occurred  to  me  as  likely  to  answer  this  purpose^ 
while  it  has  the  advantage  of  facility  in  its  ap« 
plication,  and  accuracy  in  its  results. 

In  Figure  6,  FA^  FBj  represent  the  arms  of  PtAT« 
a  common  balance.  A  micrometer  screw  D  Cjp^'j^ 
is  fitted  to  the  arm  FA^  in  such  a  manner,  that  '^' 
when  it  is  turned  roimd  by  the  nut  />,  it  neither 
approaches  to,  nor  recedes  from,  the  centre  of 
motion  F.  The  screw  D  C  works  in  a  female 
screw  in  the  small  weight  n,  and,  by  revolving  in 
one  direction,  carries  this  weight  irom  S  to  R^ 
and  thus  gives  the  preponderance  to  the  scale  6. 
When  the  weight  n  is  screwed  close  to  the  should- 
er «$*,  the  scales  are  in  equilibrio ;  but  when  it  is 
made  to  recede  from  5,  this  equilibrium  is  de- 
stroyed, and  the  same  eflfect  is  produced  as  if  an 
additional  weight  had  been  put  into  the  sc^le  G* 
In  most  cases,  it  might  be  preferable  to  make  the 
scales  in  equilibrio,  when  the  weight  n  is  equi- 
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distant  from  5  and  R.  The  recession  of  the 
weight  n  from  the  shoulder  Sy  is  measured  by  a 
scale  of  equal  parts  engraven  on  the  arm  yi  -F. 
Each  unit  of  this  scale  is  equivalent  to  one  revo- 
lution of  the  screw,  and  is  subdivided  into  100 
parts  by  a  divided  scale  on  the  circumference  of 
the  nut  Dy  to  which  the  projecting  part  of  the 
shoulder  S  is  the.  index. 

Let  us  now  see  what  weight  put  into  the 
scale  Gy  or  suspended  at  -^,  will  be  equivalent 
to  the  given  weight  ;i,  when  moved  to  a  given 
distance  from  5.  It  is  evident  from  the  property 
of  the  lever,  that  if  *  be  the  ec^uivalent  weight 

reqmred,  FA i  Swrin:  Xy  ana  op  =     p  a'^ 

that  is^  the  real  weight  n  exceeds  the  equivar 
lent  weight  \:r9  as  ipueh  2.%  F  A  exceeds  Sn. 
Iiet  n  be  zp  20  grains,  S  n  =  5  tenths  of  an  inch, 

and  FA  =  10  inches,  then  x  z^  — :—-  zz  1 

grain ;  so  that  by  shifting  a  weight  20  grains  4f 
tenths  of  an  inch  from  5,  the  same  effect  is  pro- 
duced as  if  1  grain  had  been  thrown  into  the 
5j:ale  G.  By  having  several  weights  instead  of 
«,  the  utility  of  this  contrivance  may  be  muclj 
tnqr^ased. 


\    ' 
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A  MECHANICAL  METHOD  OF  FIxNDI>G  THE  CENTRE 

OF  GRAVITY, 

JLXs  It  IS  frequently  necessary  in  mechanical ^"**^^* 
operations  to  find  the  centre  of  gravity,  the  fol-  ^^,  ^^ 
lowing  practical  method  may  probably  be  accept- 
able to  some  readers,  as  it  is  not  to  be  met  with 
in  any  of  the  elementary  treatises  in  our  lan- 
guage.— 

1 .  If  the  body,  whose  centre  of  gravity  is  to 
be  found,  can  be  easily  suspended  by  a  thread 
or  cord,  then  the  centre  of  gravity  will  be  situ- 
ated in  some  point  in  the  direction  of  the  cor4 
prolonged.  Suspend  the  body  at  another  part, 
so  that  the  new  direction  of  the  cord  may  be 
nearly  at  right  angles  with  its  former  direction  ; 
then,  as  the  centre  of  gravity  must  lie  some- 
where in  the  new  direction  of  the  cord  prolong- 
ed, the  point  where  these  two  lines  (formed  by 
prolonging  the  cord)  intersect  each  other,  will 
determine  the  pentre  of  gravity. 

2.  If  the  body  is  of  such  a  size  or  quality 
that  it  cannot  be  conveniently  suspended,  place 
it  upon  an  horizontal  edge  so  that  it  may 
be  ip.  equilibrio ;  the  horizontal  edge  will 
make  a  line  or  mark  on  the  body  in  the  same 
direction  with  itself,  and  the  centre  of  gravity 
will  be  in  some  point  in  this  line.    Balance  the 

Pb2 
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body  a  Second  time,  so  that  the  line  upon  the 
body  may  be  nearly  at  right  angles  to  the  hori- 
zontal edge,  which  will  make  a  new  line  or 
mark  upon  the  bodyj;  the  centre  of  gravity 
therefore  will  be  somewhere  in  this  new  line,  and 
consequently  in  the  point  where  it  intersects  the 
former  line. 

3.  If  the  body  is  so  flexible  that  it  can  neither 
be  suspended  nor  balanced,  then  let  a  board  be 
balanced,  as  in  case  2^,  and  upon  it,  when  ba- 
lanced, lay  the  body,  whose  centre  of  gravity  is 
to  be  found,  in  such  a  manner  that  the  board  may 
still  be  in  equilibrio ;  then  the  centre  of  gravity 
will  be  in  a  line  opposite  to  that  which  is  made 
on  the  board  by  the  horizontal  edge ;  and  by 
shifting  the  position  of  the  board,  and  again  ba- 
lancing it,  a  new  line  will  be  found,  the  inter- 
section of  which,  with  the  former  line,  will  de? 
termine  the  centre  of  gravity* 
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ON  THE  STEAM  ENGINE.* 


1.  HE  8ti{>eHority  of  inanimate  powei*  to  the  ex- tm|Miitati« 
ertions  of  animals  in  turning  machinery  has  been/*^^*^"***°* 
universally  acknowledged.  In  the  former^  the 
power  generally  continues  its  action  without  the 
smallest  intermission,  but  frequent  and  long  re- 
laxations are  necessary  for  restoring  the  strength 
and  activity  of  exhausted  animals.  There  are 
many  places,  however,  where  a  sufficient  quan<^ 
tity  of  water  cannot  be  procured,  or  where  it 
cannot  be  employed  for  the  want  of  proper  de- 
clivities ;  and  there  are  situations  also  which  are 
highly  unfavourable  for  the  erection  of  wind^- 
mills.  But  even  when  water  and  wind  mills  can 
be  conveniently  erected,  there  is  such  a  varist^ 
tlon  in  the  impelling  power,  arising  from  acci^ 
dental  and  unavoidable  causes,  that  sometimes, 
in  the  case  of  water,  and  often  in  the  case  of 


i*irftai 


*  The  theory  of  the  steam  engine  is  given  at  great 
length  by  the  Abbe  Bossut,  in  his  Traite  de  Hydrodyna* 
tniquey  1785»  torn,  i,  p.  lip,  §  145,  under  the  title  >La 
Machine  a  Feu  ;  and  also  by  Pony,  in  his  Noavelle  Archi- 
tecture Hydraliquet  part  2\  In  the  last  ofi' these  works, 
the  construction  of  the  engine  is  very  minutely  describedi 
and  illustrated  by  a  great  number  of  engravings* 
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wind,  there  is  not  a  sufficient  force  for  putting 
the  machinery  in  motion.  In  such  circumstances, 
the  discovery  of  steam  as  an  impelling  power 
may  be  regarded  as  a  new  sera  in  the  progress 
of  the  arts.  Wherever  fire  and  water  can  be 
obtained,  we  can  procure  a  quantity  of  sttom 
capable  of  overcoming  the  most  powerful  resist- 
ance, and  free  from  those  accidental  variations 
of  power  which  affect  every  inanimate  agent  that 
has  hitherto  been  employed  as  the  first  mover  of 
machines. 
^^^^^^  The  invention  of  the  steam  engine  has  been 
universally  ascribed  by  the  English  to  the  mar- 
quis of  Worcester,  and  to  Papin  by  the  French ; 
but  there  can  be  little  doubt  that  about  34  years 
prior  to  the  date  of  the  marquis's  invention,  and 
about  61  years  before  the  publication  of  Fa- 
pin's,  steam  was  applied  as  the  impelling  power 
of  a  stamping  engine  by  one  Brancas  an  Italian, 
who  published  an  account  of  his  invention  in  the 
year  1629.  It  is  extremely  probable,  however, 
that  the  marquis  of  Worcester  was  unacquaint- 
ed with  the  discovery  of  Brancas,  and  that  the 
fire  engine  which  he  m«itions  so  obscurely  in  his 
Century  of  inventions,  was  the  result  of  his  own 
ingenuity.  * 

The  utility  of  steam  as  an  impelling  power 
being  thus  known,  the  ingenious  Captain  Savary 
took  advantage  of  this  important  discovery,  and 
invented  an  engine  which  raised  water  by  the  ex- 
pansion and  condensation  of  steam.  Several  of 
Savary 's  engines  were  actually  erected  in  Eng- 
land and  in  France,  but  they  were  never  capable 


^  It  is  said  that  Gerlx^rt  cmpluyetl  steam  before  the  time 
of  the  marquis  of  Worcester,  to  produce  the  sounds  for 
his  antoin4ta 
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of  raising  water  from  a  dq)th  which  exceeded  35  ■ 
feet. 

The  steam  engine  received  great  improve- 
ments  from  the  hands  of  Newcomen,  Bdghton, 
Blakey,  and  other  ingenious  men;  but  it  wa$ 
brought  to  its  present  state  of  perfection  Vrjf  the* 
celebrated  Mr.  Watt  of  Birmingham,  one  dt  the 
most  accomplished  engineers  of  the  present  ageJ 
Hitherto  the  steam  engine  had  been  employed- 
merely  as  a  hydraulic  machine  for  draining  mines 
or  for  raising  water ;  but  in  consequencedf  Mr,' 
Watt's  improvements,  it  has  for  a  series  of  years 
been  employed  as  the  impelling  power  or  first 
mover  of  almost  every  species  of  machinery. 

Figure  1,  of  Plate  X,  represents  one  of  Mnp^^^EX, 
Watt's   latest   engines.      CJD  is  the  boiler  inF%.i. 
which  thie  water  is  converted  into  steam  by  the  JJ^J^^^, 
heat  of  the  furnace  Z).     It  Is  sometime^  ihade  df  wittv  i: ; ' 
copper,  but  moifefrequeriHyof  iron';  its 'bottom  ^|^*°" 
is  cohcav^,  and  the 'flame'' iS*" made  to Idfttilate' 
found  its  sides,  and  is  sometimes  conducted  by 
means  of  flues  through  the  very  middle  of  the  wa-s* 
ter,  so  that  as  great  a  surface  as  pos^Ie '  may -be 
exposedto  the  action  of  the  fire.    In  some  of.Mr. 
Watt's  engines,  the  fire  contained  in  an  iron  ves- 
sel was  introduced  into*  the  very  middle  of  the 
water,  and  the  outer  boiler  was  formed  of  wood, 
as  being  st  slow  conductor  of  heat.     I'Wieir'the 
furnaces  atre  constructed'  ih  the  mbst  j^idfcfoiis 
manner,  8  square  feet  ^  of  the  boiler's '"WHa 
must  be  acted  upon  by  the  fire  or  the  flame,  in 
order  to  convert  1  cubic  foot  6f  water  into  steam 
in  the  space  of  an  hour ;  and  this  effect  will  be 
produced  by  between  -g-  or  —  of  a  bucjket  of 
good  Newcastle  coals.     When  fire  is  applied  to 
the  boiler,   the  water  does  not  evaporate  into 
steam  till  it  has  reached  the  temperature  of  212* 
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of  Fahrenheit,  or  the  boiling  point.  This  arises 
from  the  superincumbent  weight  of  the  atmo- 
sphere }  for  when  the  water  is  heated  in  a  vessel 
exhausted  of  air,  steam  is  generated  even  below 
the  temperature  of  96%  or  blood-heat,  When 
the  water,  however,  is  pressed  by  air  or  steam 
more  condensed  than  the  atmosphere,  a  temper- 
ature  greater  than  212^  is  necessary  for  the  pro- 
ducdpn  of  steam ;  but  the  beat  requisite  for  this 
purpose  increases  in  a  less  ratio  than  the  press^ 
ures  to  be  overcome.  The  steam  which  is  pro*, 
duced  in  the  boiler  CD  is  about  1800  times 
rarer  than  water,  and  is  conveyed  through  the 
steam-pipe  C£  into  the  cylinder  G,  where  it 
acts  upon  tfae  piston  9,  and  communicates  mo- 
Method  of  tion  to  itie  great  beam  j1  B.  But  before  we 
^n^i^  proceed  to  consider  the  manner  by  which  this 
wiAwiSL'witt  conveyed,  we  shall  point  out  the  very 
i^p^gcniou^  me^od  which  Mr.  Watt  has  employed 
for  fiUJ>Plying  the  boiler  regularly  with  water,  and 
preserving  it  at  the  same  height  0  P.  This  is 
absolutely  necessary  in  order  that  the  quandty 
and  elasticity  of  the  steam  in  the  boiler  may  be 
always  the  same.  The  small  cistern  u,  placed 
above  tl^e  boiler,  is  supplied  with  water  from  the 
hot  well  bk  by  means  of  the  pump  z  and  the  pipe 
f.  To  the  bottom  of  this  pistem  is  fitted  the  pipe 
u  r  whiqh  is  iinmersed  in  the  water  0  P,  and  is 
bent  at; its  lower  extremity  in  order  to  prevent 
the  eoxrance  of  the  rising  steam.  A  crooked  arm 
u  d  attacked  to  the  side  of  the  cistern  u,  supports 
the  small  lever  dtj  which  moves  upon  </'  as  a 
centre.  The  extremity  b  of  this  lever  carries, 
by  means  of  the  wire  U  P,  a  stone  or  piece  of 
metal  P,  which  hangs  just  below  the  surface  of 
the  water  in  the  boiler,  and  the  other  extremity 
a  is  connected  by  the  wire  a  u  mih  a  vaive  at 
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&e  bottom  of  the  cistern  tt,  ^hich  covers  the 
top  of  the  pipe  u  r.     Now,  it  is  a  maxim  in  hyd- 
rostatics,* that  when  a  heavy  body  is  suspended 
in  a  fluid,  the  body  loses  as  much  of  its  weight 
as  the  quantity  of  water  which  it  displaces* 
When  the  water  O  -P,  therefore,  is  diminished 
by  part  of  it  being  converted  into  steam,  the  up- 
per surface  of  the  body  P  will  be  above  the  wa- 
ter, and  its  weight  will  consequently  be  increased 
in  proportion  to  the  quantity  of  the  body  that  is 
out  of  the  water;  or,  to  speak  more  precisely,  the 
additional  weight  which  the  body  P  receives  by 
a  diminution  of  the  water  in  the  boiler,  is  equal 
to  the  weight  of  a  quantity  of  th^  fluid,  whose 
bulk  is  ^e  same  as  the  part  of  the  bodv  P  which 
is  aboverihe  water.    By  this  addition  to  its  weight, 
the  ston^  P  will  cause  the  extremity  h  of  the 
lever  to  descend,  and  by  elevating  the  arm  d  d^ 
will  open  the  valve  at  the  top  of  the  pipe  u  r,  and 
thus  gradually  introduce  a  quantity  of  water  into 
the  b^Ier,  equal  to  that  which  was  lost  by  eva« 
poration.     This  process  is  continually  going  on 
while  the  water  is  converting  into  steam ;  and  it  is 
evident  that  too  much  water  can  never  be  intro- 
duced ;  for  as  soon  as  the  surface  of  the  water 
coincides  with  the  upper  surface  of  the  body  P, 
it  recovers  its  former  weight,  and  the  valve  at  u 
shuts  the  top  of  the  pipe  u  r.     In  order  to  know 
the  exact  height  of  the  water  in  the  boiler,  two 
cocks  k  and  /  are  employed,  the  first  of  which, 
A,  reaches  to  within  a  little  of  the  height  at  which 
the  water  should  stand,  and  the  other,  /,  reaches 
a  very  little  below  that  height.     If  the  water 
stands  at  the  desired  height,  the  cock  k  being 


^  See  vdL  i|  p.  16.?. 
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opened  will  give  out  steam,  and  the  cock  /  \rffl 
emit  water,  in  consequence  of  the  pressure  of 
the  superincumbent  steam  on  the  water  OP; 
but  if  water  should  issue  from  both  cocks,  it  will 
be  too  high  in  the  boiler,  and  if  steam  issues  front' 
both.  It  will  be  too  low.  As  there  would  be 
great  danger  of  the  boiler's  bursting  if  the  steam 
should  become  too  strong,  it  is  furnished  with 
Safety  the  Safety  valve  jc,  which  is  loaded  in  such  a 
^vc.  mannier,  that  its  weight,  added  to  that  of  the  at- 
mosphere, may  exceed  the  pressure  of  the  in- 
terior steam  when  of  a  sufficient  strength.  As 
soon  as  the  steam  becomes  so  elastic  ds  to  en- 
danger the  boiler,  its  pressure  preponderates  over 
the  pressure '  of  the  safety  valve  and  die  atmo- 
sphere. The  valve  therefore  opens^  and  tfie  steam 
escapes  from  the  boiler,  till  its  strength  is  suf- 
ficiently diminished,  and  the  safety  valve  shuts 
by  the  predominance  of  its  pressure  over  that  of 
tne  interior  steam.  By  opening  the  safety  valve, 
the  engine  may  be  stopt  at  pleasure.  A  small 
rectangdbr  lever,  with  equal  arms,  is  fixed  upon 
the  side  of  the  valve,  and  connected  with  its  top. 
To  one  of  these  arms  a  chain  is  attached,  which 
passes  over  a  pulley  from  a  horizontal  to  a  ver- 
tical direction,  and  by  pulling  which,  the  safety 
valve  is  opened,  and  the  machine  stopped. 

From  the  dome  of  the  boiler  proceeds  the 
steam-pipe  GjB,. which  conveys  the  steam  into 
the  top  of  the  cylinder  G  by  means  of  the  steam- 
valve  a,  and  into  the  bottom  of  the  cylinder  by 
means  of  the  valve  c.  '  The  branch  of  the  pipe 
which  extends  from  c:  to  ^  is  cut  off  in  Fig.  1 , 
in  order  to  shew  the,  valve  b^  but  is  distinctly 
^Is-^  visible  in  Fig.  2,  which  is  a  view  of  the  pipes 
and  valves  in  the  direction  FM.  The  cylinder 
G  is  sometimes-  inclpsed  in  a  wooden  case,  in 
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order  to  prevent  it  from  being  cooled  by  the  constmc- 
ambient  air ;  and  ^omednies  in  a  metallic  case,  ^^^^^J^^^ 
that  It  may  be  surrounded  and  kept  warm  by  a 
quantity  of  steam,  which  is  brought  from  the 
steam-pipe  E  C,  through  the  pipe  E  Gy  by  tiini-  ; ,. 
.  ing  a  cock.  '  It  is  generally  thought,  however, 
that  little  benefit  is  obtained  by  encircUiigr.the 
cylinder  with  steam,  as  the  quantity  thus  lost  is 
almost  equal  to  what  is  destroyed  by  the  cold- 
4^ess  of  the  cylinder*  After  the  steam,  which 
.was  admitted  s^ove  the  piston  19. by  the  valve  Oy 
and  below  it  by  the  valve  c^hzs  performed  its 
respective  offices  of  depressing  and  elevating  the 
piston,  and  consequently  th^  great  lieam  ^  B^  Fig.  i  & ». 
it  escapes  by  the  eduction  valires  b  and  d  into  the 
condenser  /,  where  it  is  converted  into  water,  by 
means  of  a  jet  playing  in  the  iinside  of  it.  The 
water  thus  collacted  in  the  ctodenser  b  carried 
of,  along  with  the  air  which  it^ontains,  into  the 
hot  well  A,  by  the  air  pump  c,  ^idbich. is  wrought 
by  the  piston*  road  TJW,  attiched  to  the  great 
beam  A  if.  From  the  hot  well  h  this  water,  is 
conveyed  by  the  pump  z  and  tlje  p^y^  into  the 
cistern  «,  for  the  purpose  of  supplying  the  boiler* 
1'he  water  w^  which  renders  air-tight  the  punip 
ey  and  supplies  the  jet  of  water  in  the  condenser, 
is  furnished  by  the  pump  gy  which  is  worked  by 
the  great  beam.  The  steam  and  eduction  valves 
Uy  c,  by  dy  ^Yc  opcucd  and  shut  by  the  spanneacs 
a  My  dMy  cNy  bNy  whose  himdles  M  and  N 
are  moved  by  the  plugs  1,  2^  fixed  to  TN  the 
piston  rod  of  the  air  pump.  This  part  of  the  mar 
chinery  has  been  called  the  working  gtier  ;  aiKi 
is  so  constructed  that  the  steam  and  educticA 
valves  can  be  worked  either  by  the  hand  or  by 
the  piston  of  the  air  pump.  The  piston  rod  &y 
which  moves  the  piston  q^  passes  through  a  box 


S96  fiTDRAULICS. 

or  collar  of  leathers  fixed  in  a  strong  metallic 
plate  on  the  top  of  the  cylinder,    l^e  rod  is 
turned  perfectly  cylindrical,  and  is  finely  polished^ 
in  order  to  prevent  any  air  from  passing  by  its 
Pkniiel     ^des.     The  top  ^of  the  piston  rod  R  is  fixed 
ipint.        to  the  machinery  J^  which  is  called  the  parallel 
joint,  and  is  so  contrived  as  to  make  the  rod  K/2 
ascend  and  descend  in  a  vertical  or  perpendicular 
direction.     When  the  lever  or  beam  rises  into 
its  present  position  from  a  horizontal  one,  the 
piston  rod  F'R  has  a  tendency  to  move  towards  /n^ 
and  would  move  towards  it  were  the  bar  yu  r  fixed 
in  its  present  position ;  for  while  the  point  Arises, 
the  bar  ^  Kalso  rises ;  at  the  same  time  the  angle 
K/M  r  increases,  and  likewise  the  angle  k  VfA ;  so 
tluit  the  vertex  ^of  the  angle  a  Via  would  mov6 
towards  T.    The  bar  fi  r,  however,  is  not  at  rest, 
but  moves  round  the  fixed  point  r,  and  rises  along 
with  the  point  V;   while  /<cr,  therefore,  rises 
upon  r  as  a  centre,  the  adjoining  bar  ^m  T  moves 
round  the  point  T  towards  V^  the  angle  Tfif 
increases,  and  the  point  /u  approaches  to  Vj  and 
keeps  VR  in  a  perpendicular  position ;  so  that 
whatever  tendency  the  point  Fhas  towards  T  by 
the  increase  of  the  angle  ^  ^/k,  it  has  an  equal 
tendency  in  the  contrary  direction,  by  the  in- 
qrease  of  the  angle  T  (avi  but  as  the  beam  A  B 
hlls  into  a  horizontal  position,  all  these  motions 
are  reversed.     When  the  piston  rod  FR  rubs 
most  upon  the  side  of  the  collar  of  leathers  near- 
est  to  a,  the  fixed  point  r  must  be  shifted  a  little 
in  the  contrary  direction,  viz.  to  the  right  hand 
of  R.    That  the  nature  of  this  parallel  joint  may 
be  better  understood,  it  may  be  proper  to  ob- 
serve, that  all  the  bars  which  have  been  men*  . 
tioned  are  double,  as  may  be  seen  in  the  Figure^ 
«*that  they  move  round  centres  at  a,  T,  ^,  ^,  and 
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y,  and  that  the  two  bars  between  ^  and  /^more 
between  the  bars  at  yu  r/ 

In  the  steam-endnes  of  Newcomen  and  Beight* 
on,  where  the  piston  was  raised  merely  by  a 
counterweight  at  the  extremity  A  of  the  great 
beam,  the  piston  rod  was  connected  with  its 
other  extremity  by  means  of  a  chain  bending 
round  the  arch  of  a  circle  fixed  at  B ;  but  in 
Mr.  Watt's  improved  engines  with  a  double 
stroke,  in  which  the  piston  receives  a  strong  im- 
pulse upwards  as  well  as  downwards,  the  chain 
would  slacken,  and  could  not  communicate  mo- 
tion to  the  beam.  An  inflexible  rod,  therefore, 
must  be  employed  for  connecting  the  piston  with 
the  beam,  or  the  piston  must  be  suspended  by 
double  chains,  like  those  of  engines  for  extin- 
guishing fire.  In  some  of  Mr.  Watt's  engines, 
die  latter  of  these  methods  was  adopted.  He 
then  employed  a  toothed  rack  working  in  a 
toothed  sector  fixed  at  Bj  and  afterwards  fell 
upon  the  very  superior  method  which  we  have 
now  been  describing. 

All  the  engines  which  were  constructed  before  conTotinj 
the  time  of  Mr.  Watt  were  employed  merely  for  » «««pfo- 
raising  water,  and  were  never  used  as  the  first  rromory* 

motion. 

-    '■  '  '  ' 

^  As  the  authors  who  have  written  on  the  steam  engine 
have  not  taken  any  notice  of  the  operation  of  the  parallel 
pointy  it  was  thought  proper  to  give  the  preceding  dcscrip- 
lion  of  it»  which  we  trust  will  be  sati8£iu:tory  to  the  reader^ 
The  ingenious  idea  of  making  the  piston  rod  ascend  verti- 
cally,  by  a  combination  of  circular  motions,  was  suggested 
to  Mr.  Watt  by  attending  to  Suardi's  pen;  an  instrument 
by  which  a  variety  of  curves  may  be  described  by  a  com- 
i>ination  of  circular  motions.  The  piston  rod,  however, 
does  not  ascend  in  a  vertical  line.  It  describes  an  alge# 
bndc  curve ;  the  deviations  of  which  from  a  right  line  are 
too  incoDsidcraUe  to  be  noticed  in  practice. 
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movers  of  machinery.  Mr.  R,  Rtzgerald,  in-r 
deed,  published  in  the  Transactions  of  the  Royal 
Society,  a  method  of  converting  the  irregular 
motion  of  the  beam  into  a  continued  rotatory 
motion,  by  means  of  a  crank  and  a  train  of 
>iirheel  work,  connected  with  a  large  and  massy 
fly,  which,  by  accummulating  the  pressure  of  the 
machine  during  the  working  stroke,  urged  round 
the  machinery  during  the  returning  stroke,  when 
there  is  no  force  pressing  it  forward.  For  this 
new  and  ingenious  contrivance,  Mr.  Fitzgerald 
received  a  patent,  and  proposed  to  apply  the 
€team  engine  as  the  moving  power  of  every  kind 
of  machinery ;  but  it  does  not  appear  that  any 
mills  were  erected  under  this  patent.  In  order 
to  convert  the  reciprocating  motion  of  the  beam 
into  a  circular  motion,  Mr.  Watt  fixed  a  strong 
and  inflexible  ifod  AUio  the  extremity  of  the 
great  beam.  To  the  lower  end  of  this  rod,  a 
toothed  wheel  U  is  fastened  by  bolts  and  straps^ 
so  that  it  cannot  move  round  its  axis.  This 
wheel  is  connected  with  another  toothed  wheel  S 
of  the  same  size,  by  means  of  iron  bars,  which 
pern>its  the  former  to  revolve  round  the  latter, 
but  prevails  them  from  quitting  each  other^ 
This  apparatus  is  called  the  Sun  and  Planet 
wheels,  from  the  similarity  of  their  motion  to 
that  of  the  two  luminaries.  On  the  axis  of  the 
wheel  S  is  placed  the  large  and  heavy  fly-wheel 
/^  which  regulates  the  desultory  motion  of  the 
beam.  When  the  extremity  A  of  the  great 
beam  rises  from  its  lowest  position,  it  will  bring 
along  with  it  the  wheel  i/,  and  cause  it  to  re- 
volve  upon  the  circumference  of  the  wheel  5,  so 
that  the  interior  part  of  the  former,  or  the  part 
Qcxt  the  cylinder,  will  act  upon  the  exterior  part 
of  the  latter,  or  the  part  farthest  from  the  cyliui 
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der,  and  put  it  in  motion  along  with  the  fly  F» 
After  the  wheel  U  has  got  to  the  top  of  the 
wheel  Sj  the  end  A  of  the  beam  will  have  reach- 
ed its  highest  position,  and  the  wheel  5,  along 
with  the  fly,  will  have  performed  one  complete 
revolution.  When  the  wheel  U  passes  from  the 
top  of  S  into  its  former  position  below  it,  the 
extremity  A  of  the  beam  will  also  descend  from 
its  highest  to  its  lowest  position ;  so  that  for  every 
ascent  or  descent  of  the  piston  or  the  great  beam, 
the  planet  wheel  U  will  make  one  turn,  while 
the  sun  wheel  and  fly  will  perform  two  complete 
revolutions. 

On  account  of  the  weight  of  the  fly,  and  the 
great  celerity  of  its  motion,  there  is  much  fric-r 
cion  between  its  gudgeons  and  the  sockets  in 
which  they  move.  In  order  to  diminish  the  heat 
\vhich  is  thus  generated,  it  is  customary  with  the 
French  engineers  tp  add  to  the  engine  a  small 
pump,  which  conveys  a  gentle  stream  of  water 
to  the  gudgeons  of  the  fly. 

When  the  steam  engine  is  employed  to  drive 
machinery  in  which  the  resistance  is  very  vari- 
able, and  where  a  determinate  velocity  cannot 
properly  be  dispensed  with,  Mr.  Watt  has  ap-  conical 
plied  a  conical  pendulum,  which  is  represented  P«>*aa«- 
at  m  Tif  for  procuring  jm  uniform  velocity.  This 
regulator  consists  of  two  heavy  balls  tw,  w,  sus- 
pended by  iron  rods  which  move  in  joints  at  the 
top  of  the  vertical  axis  o  jb,  and  is  put  in  motion 
by  the  rope  o  o  which  passes  over  the  pulleys 
o,  0,  and  round  the  axis  o  of  the  fly.  Since  the 
velocity  of  the  fly  and  sun  wheel  increases  and 
^minishes  with  the  quantity  of  steam  that  is  ad- 
mitted into  the  cylinder,  let  us  suppose  that  too 
riuch  is  admitted, — then  the  velocity  of  the  fly 
^vill  increase,  but  the  velocity  of  the  vertical 
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axis  op  will  also  increase,  and  the  balls  m  n  vfSl 
recede  from  the  axis  by  the  augmentation  of 
their  centrifugal  force.  By  this  recess  of  the 
balls,  the  extremity  p  of  the  lever  p  s^  moving 
upon  y  as  a  centre,  is  depressed;  its  other  extre- 
mity s  rises,  and  by  forcing  the  cock  at  a  to 
close  a  little,  diminishes  the  supply  of  steam. 
The  impelling  power  being  thus  diminished,  the 
velocity  of  the  fly  and  the  axis  op  decrease  in 
proportion,  and  the  balls  w,  w,  resume  their  for- 
mer position. 

^^"Tkc  ^  ^'  ^^^^'^  improved  engine,  the  steam 
^vd  «^d  eduction  valves  are  all  puppet  clacks.  One 
PtATt  XI,  of  these  valves,  and  the  method  of  opening  and 
***  *'  shutting  it,  is  represented  in  Fig,  1  of  Plate  XI. 
Let  it  be  one  of  the  eduction  valves,  and  let  A  A 
be  part  of  the  pipe  which  conducts  the  steam  in- 
to the  cylinder,  and  MM  the  superior  part  of 
the  pipe  which  leads  to  the  condenser.  At  00^ 
the  seat  of  the  valve,  a  metallic  ring,  of  which 
72  7z  is  a  section,  is  fitted  accurately  into  the  top 
of  the  pipe  MW,  and  is  conical  on  the  outer 
edge,  so  as  to  suit  the  conical  part  of  the  pipe. 
These  two  pieces  are  ground  together  with  eme- 
ry, and  adhere  very  firmly  when  the  contiguous 
fiiufaces  are  oxidated 'or  rusted.  The  clack  is  a 
circular  brass  plate  m^  with  a  conical  edgie 
ground  into  the  inner  edge  of  the  ring  n  n,  so 
as  to  be  air-tight,  and  is  furnished  with  a  cylin- 
.  drical  tail  m  P^  which  can  rise  or  fall  in  the  ca- 
vity of  the  cross-bar  iVJV.  To  the  top  of  the 
valve  w,  a  small  metallic  rack  mF  is  firmly  fast- 
ened, which  can  be  raised  or  depressed  by  the 
portion  iS  of  a  toothed  wheel,  moveable  upon 
the  centre  /).  The  small  circle  D  represents  a 
section  of  an  iron  cylindrical  axis,  whose  pivots 
move  in  holes  in  the  opposite  sides  of  the  pipe 
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A  A*  Its  pivots  are  fitted  into  their  sockets,  so  as 
to  be  air-tight ;  and  the  admission  of  air  is  farther 
prevented  by  screwing  on  the  outside  of  the  holes 
necks  of  leather  soaked  in  rosm  or  melted  tallow. 
One  end  of  this  axis  reaches  a  good  way  with- 
out the  pipe  AA^  and  carries  a  handle  or  spanner 
h  JV,  which  may  be  seen  in  Pig.  1,  Plate  X,  and  p^^^*  x, 
which  is  actuated  bv  the  plugs  1,  2,  of  the  rod  ****' 
TN.  When  the  plug  2,  therefore,  elevates  the 
extremity  of  the  spanner  Nh^  during  the  ascent 
of  the  piston  rod  TN,  the  axle  A  Plate  XI,^^^^^*^» 
Fig.  1,  is  put  in  motion,  the  valve  m  is  raised  by 
means  of  the  toothed  racks  E  and  JP,  and  the 
steam  rushes  through  the  cavity  of  the  circular 
ring  n  n,  by  the  sides  of  the  cross  piece  of  me- 
tal 00^  NN*  When  the  valve  needs  repair, 
the  cover  jB,  which  is  fastened  to  the  top  of  the 
valve  box  by  means  of  screws,  can  easily  be  re- 
moved« 

Having  thus  described  the  different  parts  of  Mode  of 
the  most  improved  steam  engine,  we  shall  **P«^<>»- 
now  attend  to  the  mode  of  its  operation.  Let 
us  suppose  that  the  piston  is  at  the  top  of  the 
cylinder,  as  is  represented  in  the  figure,  and  that 
the  upper  steam  valve  a,  and  the  lower  eduction 
or  condensing  valve  i^  are  opened  by  means  of 
the  spanner  My  while  the  lower  steam  valve  c, 
and  the  upper  eduction  valve  by  are  shut ;  then 
the  steam  in  the  boiler  will  issue  through  the 
steam  pipe  C!£,  and  the  valve  a,  into  the  top  of 
the  cylinder,  and  by  its  elasticity  depress  the  pis* 
ton,  to  the  very  bottom.  But  when  the  piston 
q  is  brought  to  the  bottom  of  the  cylinder,  the 
extremity  B  of  the  great  beam  is  dragged  down 
by  the  parallel  joint  TFl  Its  other  extremity  A 
rises,  and  the  wheel  U  having  passed  over  v  of 
the  curcumference  of  Sy  will  have  urged  forward 

Fol.  11.  C  c 


402  HYDRAULICS. 

the  fly-wheel  Fy  and  consequently,  the  machinery 
attacned  to  it,  one  complete  revelation*  When 
the  piston  q  has  reached  the  bottom .  of  the  cy- 
linder, the  piston-rod  TNoi  the  air  pump,  by 
the  pressure  of  the  plug  1  upon  the  spanner  Jlf, 
has  shut  the  steam-valve  a,  and  the  eduction- 
valve  £/,  while  the  plug  2  has,  by  means  of  the 
spanner  iV,  opened  the  eduction-valve  6,  and  the 
steam<*>valve  c*  The  steam,  therefore,  which  is 
above  the  piston,  rushes  through  the  eduction- 
valve  b  into  the  condenser  i,  where  it  is  convert** 
ed  into  water  by  the  jet  in  the  middle  of  it,  and 
by  the  coldness  arismg  from  the  surrounding 
fluid  t£/,  while,  at  the  same  time,  a  new  quandty 
of  steam  from  the  boiler  issues  through  the  open 
fteam-valve  c,  into  the  cylinder,  forces  \xf  the 
piston,  and,  by  raismg  one  end  of  the  working 
beam,  and  depressing  the  other,  makes  the  whm 
U  describe  the  other  semi-circumference  of  £, 
and  causes  the  fly  and  the  machinery  on  its  axis 
to  perform  another  complete  revolution*  As  the 
plugs  1,  2,  ascend  with  the  piston  9,  they  open 
or  shut  the  steam  and  eductbn-vdves,  and  the 
operation  of  the  engine  will  be  thus  continued 
for  any  length  of  time* 
vdoe  of  From  this  brief  description  of  the  steam-en^ 
impwc^'ff^^*  the  reader  will  be  enabled  to  perceive  the 
mcott.  nature,  and  appreciate  the  value  of  Mr*  Watt's 
improvements*  It  had  hitherto  been  the  prac- 
tice to  condense  the  steam  in  the  cylinder  itself, 
by  the  injection  of  cold  water ;  but  the  water 
which  is  injected  acquires  a  considerable  degree 
of  heat  from  the  cylinder,  and  being  placed  in 
air,  highly  rarified,  part  of  it  is  converted  fwio 
steam,  which  resists  the  piston,  and  diminishes 
the  power  of  the  engine*  When  the  steam  is 
next  admitted,  part  of  it  is  CQUTerted  into  water 
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by  coming  in  contact  with  the  cylinder,  which 
is  of  a  lower  temperature  than  the  steam,  in  con- 
sequence of  the  destruction  of  its  heat  by  the  in- 
jection-water. By  condensing  the  steam,  there- 
fore, in  the  cylinder  itself,  the  resistance  to  the 
piston  is  increased  by  a  partial  reproduction  of 
this  elastic  vapour,  and  the  impelling  power  is. 
diminished  by  a  partial  destruction  of  the. steam 
which  is  next  admitted.  Both  these  inconve- 
niehcies  Mr.  Watt  has  in  a  great  measure  avoid- 
ed, by  using  a  condenser  separate  from  the  cy- 
linder, and  incircled  with  cold  water ; '  and  by 
surrounding  the  q^linder  with  a  wooden  case, 
and  interposing  light  wood  ashes,  in  order  .to 
prevent  its  heat  from  being  abstracted  by  the  am-* 
bient  air. 

The  greatest  of  Mr.  Watt's  improvements 
consists  in  his  employing  the  steam  both  to  ele- 
vate and  depress  the  piston.  In  the  engines  of 
Newcomen  and  Beighton,  the  steam  was  not 
the  impelling  power;  it  was  used  merely  for  pro^ 
ducing  a  vacuum  below  the  piston,  which  was 
forced  down  by  the  pressure  of  the  atmosphere, 
and  elevated  by  the  counterweight  at  the  other 
extremity  of  the  great  beam.  The  cylinder, 
therefore,  was  exposed  to  the  external  air  at  eve- 
ry descent  of  the  piston,  and  a  considerable  por- 
tion of  its  heat  being  thus  abstracted,  a  corre- 
sponding quantity  of  steam  was  of  consequence 
destroyed,     in  Mr.  Watt's  engines,  however. 


*  Even  in  Mr.  Watt's  best  engines,  a  very  small  quantity 
of  steam  remains  in  the  cylinder,  having  the  temperature  of 
the  hot  well  i^  or  of  the  water^  into  which  the  ejected 
steam  is  converted.  Its  pressure  is  indicated  by  a  barome- 
ter, which  Mr.  Watt  has  ingeniously  applied  to  his  engines 
for  exhibiting  the  state  of  the  vacuum. 
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the  external  air  is  excluded  by  a  mefal  plate  at 
the  top  of  the  cylinder,  which  has  a  hole  it  it 
for  admitting  the  piston-rod ;  and  the  piston  it- 
self is  raised  and  depressed  merely  by  the  force 
of  steam. 

When  these  improvements  are  adopted,  and 
tfie  engine  constructed  in  the  most  perfect  man- 
ner, there  is  not  above  7  part  of  the  steam  con- 
sumed in  heating  the  apparatus ;  and,  therefore, 
it  is  impossible  that  the  engine  can  be  rendered 
•J-  more  powerful  than  it  is  at  present.  It  would 
be  very  desirable,  however,  that  the  force  of  the 
piston  could  be  properly  ccHhmunicated  to  the 
machinery  without  the  intervention  of  the  great 
beam.  This,  indeed,  has  been  attempted  by 
Mr.  Watt,  who  has  employed  the  piston-rod  it- 
self to  drive  the  machinery  j  and  Mr.  Cartwright 
has,  in  his  engine,  converted  the  perpendicular 
motion  of  the  piston  into  a  rotatory  motion,  by 
means  of  two  cranks  fixed  to  the  axis  of  two 
equal  wheels  which  work  in  each  other.  Not- 
withstanding the  simplicity  of  these  methods, 
none  of  them  have  come  into  general  use,  and 
Mr.  Watt  still  prefers  the  intervention  of  the 
great  beam,  which  is  generally  made  of  hard 
oak,  with  its  heart  taken  out,  in  order  to  pre- 
vent it  from  warping.  A  considerable  quantity 
of  power,  however,  is  wasted  by  dragring,  at 
every  stroke  of  the  piston,  such  a  mass  of  matter 
from  a  state  of  rest  to  a  state  of  motion,  and 
then  from  a  state  of  motion  to  a  state  of  rest. 
To  prevent  this  loss  of  power,  a  light  fr-ame  of 
carpentry '  has  been  Anployed  by  several  engin- 


*  The  great  beam  in  Mr.  Homblower's  engine,  i8  con- 
atructcd  in  this  manner,  and  is  formed  upon  trulj  scientific 

principles. 
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eers,  instead  of  the  solid  beam ;  but  aftei^  being 
used  for  some  time,  the  wood  was  generally  cut 
by  the  iron  bolts,  and  the  frame  itself  was  often 
instantaneously  destroyec^  In  some  of  the  en- 
gines lately  constructed  by  Mr.  Watt,  he  has 
formed  the  great  beam  of  cast  iron,  and  while 
he  has  thus  added  to  its  durability,  he  has  at  the 
same  time  diminished  its  weight,  and  increased 
the  power  of  his  engine. 

Encouraged  by  Mr.  Watt's  success,  several 
improvements  upon  the  steam  engine  have  been 
made  by  Homblower,  Cartwright,  Trevethick, 
and  other  engineers  of  this  country.  But  it  does 
not  appear  that  they  have  either  materially  in^ 
creased  the  power  of  the  engine,  or  diminished 
its  ezpence.  Most  of  these  improvements,  on 
the  contrary,  exceptmg  those  of  Homblower, 
and  the  engmeers  just  mentioned,  consist  merely 
in  having  adopted  Mr.  Watt's  discoveries,  in 
such  a  manner  as  not  to  infringe  upon  his  patent. 

In  Figure  I  of  Plate  XIV,  we  have  represented  ^J^^' 
a  new  form  which  the  steam  engine  has  receiv-Rg.^^App. 
ed  in  France.      In  particular  situations  it  has 
some  advantages  over  the  common  construction; 
but  it  is  particularly  remarkable  for  the  ingeni-  ^^p^thcr 
ous  contrivance  by  which  the  piston-rod  is  made  form  of  the 
to  rise  in  a  vertical  line.    This  is  effected  by  "l**"  ^* 
means  of  two  beams  AB  and  CZ),  moving  upon 
the  centres  B  and  C,  which  are  always  of  the 
same  size,  though  represented  otherwise  in  the 
figure,  for  want  of  room.     The  sum  of  the 
lengths  of  the  two  beams,  viz.  CD+AB^  reck- 
oning from  the  centres  of  motion  C  and  j?, 

principles.  Dr.  Robison  obsenres,  that  it  18  %trong^t  than 
a  beam  of  the  common  form,  which  cobtaint  20  timet  it» 
quantity  of  timber. 
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must  be  equal  to  the  horizontal  distaiice  be- 
tween these  centres.  The  piece  of  iron  Anm 
has  joints  at  A  and  m^  and  is  equal  in 
length  to  the  difference  of  level  between  the 
centres  of  motion  C  and  B.  Now,  when  the 
beams  jiB  and  CD  are  in  a  horizontal  posi- 
tion^ the  line  joining  the  points  ^  and  m  will 
form  a  vertical  line ;  and  when  these  beams  have 
risen  from  this  position  through  equal  arches^ 
the  points  j4  and  m  will  be  equally  distant  from 
that  votical  line,  which  ought  to  coincide  with 
the  axis  of  the  cylinder  produced.  The  distances 
of  ji  and  m  from  this  vertical  line  are  obviously 
the  versed  sines  of  the  arches  which  the  beams 
have  described ;  but  as  these  arches,  s^well  as 
their  radii,  are  su{^)osed  equal,  their  versed  sines, 
and  consequently  the  distances  of  ji  and  m  from 
the  vertical,  are  also  equal.  If,  therefore,  the 
piston-rod  np  be  suspended  at  n,  equidistant 
from  A  and  ^9  th^  point  n,  and  consequently  the 
piston>rod,  will  move  in  a  perpendicular  direc- 
tion. The  point,  in  reality,  describes  an  alge- 
braic curve ;  but  when  the  arches  described  are 
small,  the  deviation  from  the  vertical  does  not 
exceed  the  10^  of  an  inch.  In  this  togine  /  is 
the  cylinder,  Q  the  condenser,  P-  the  air-pump, 
wrought  by  a  chain  passing  over  the  arched 
head,  corresponding  with  op  on  the  other  side 
of  CD ;  K  is  the  pump  which  supplies  the  boiler 
by  the  pipe  KN;  LM  is  the  steam-pipe,  MG  the 
furnace;  Hv&  the  pump  which  furnishes  the  vtra- 
ter  in  which  the  air-pump  P  is  immersed,  and  is 
wrought  by  the  cham  y  F  and  the  wheel  F.  The 
machme  is  represented  as  raising  water  in  the 
pump  /?,  by  means  of  the  chain  x  E  passing  over 
the  wheel  E  ;  but  when  a  rotatory  motion  is  re- 
quired, the  beam  AB  must  be  prolonged,  and 
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the.  same  apparatus  fixed  at  its  extremity,  as  is 
employed  in  Watt's  steam  engine. 

About  ten  months  ago,  Mr.  Arthur  W'oolfWooi^'* 
announced  to  the  public  a  discovery  respecting  ^'^^^^ 
the  expansibility  of  steam,  which  promises  to  be 
of  very  essential  utility.  Mr.  Watt  had  former*^ 
ly  ascertained,  that  steam  which  acts,  with  thet 
expansive  force  of  4  pounds  per  square  inchjj 
against  a  safety  valve  exposed  to  the  weight  o£ 
the  atmosphere,  after  expanding  itsetf  to  four 
times  the  volume  it  thus  occupies,  is  still  equal 
to  the  pressure  of  the  atmosphere.  But  Mr. 
Woolf  has  gone  much  farther,  and  has  proved, 
that  quantities  of  steam,  having  the  force  of  5, 
6,  7,  8, 9, 10,  &c.  pounds  on  every  square  inch, 
may  be  allowed  to  expand  5,  6,  7,  8,  9*,  10,  &c. 
times  its  volume,  and  will  still  be  equal  to  the 
atmosphere's  weight,  provided  that  the  cylinder 
in  which  the  expansion  takes  place,  has  the  same 
temperature  as  the  steam  before  it  began  to  ex^ 
pand.  It  is  evident,  however,  that.  ain. increase 
of  temperature  is  necessary  both  to  produce  and 
to  maintain  this  augmentation  of  the  stieam^s  ex- 
pansive force  above  the  pressure  of  the  atmo- 
sphere. At  the  temperature  of  2 1^  of  Fahren- 
heit, the  force  of  steam  is  equal  only  to  the  pres- 
sure of  the  atmosphere,  and,  in  order  to  give  it 
an  additional  elastic  force  of  5  pounds  per  square 
inch,  the  temperature  must  be  increased  to 
about  2277  %  ^  is  evident  from  the  following 
table. 
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Woolfs 
improTe- 

flUillti. 


Table  of  the  Pressures,  Temperatures^  and  Ex^ 
pansibility  of  Steam,  equal  to  the  Force  of  the 
Atmosphere. 


Elastic  Force  of  Steam 
predotniqadfie  overthe 
PreMire  of  the  Atmo- 
sphere, and  actiqg  upoD 
M  Safety  Valve. 


bounds  per  square  inch 

s 

...       6 

•   -n     * 

..     9 
.  ,10 

'   15  c.  ■   "■ 
.  I  20 
■  ■  2j». 

SO.*, 

35 

•  • 

40 


Degrees  of  't'cmpc- 
raciire  requisite  for 
bringing  the  Steam 
:o  the  different  Ex- 
pansive Forces  in  the 
preceding  Column. 


N^  of  times  its  Vol«  that 
Steam  of  the  preceding 
Force  and  I'emperaturc 
wiUexpaAd,and  still  con* 
tinue  equal  to  the  presa- 
ure  of  the  Atmosphere 


Degrees  of  HeaL 


227^ 
230^ 

232i 
235^ 

237^ 
239i 
250i 
259i 

267 
273 
278 
282 


Expansibility. 


5 
6 

7 

8 
9 
10 
15 
20 
25 
30 
S5 
40 


.  In  this  manner,  by  small  additions  of  tern- 
perature,  an  expansive  power  may  be  given  to 
steamy  which  will  enable  it  to  expand  50,  lOO^ 
Q/QO,  300,  &c.  times  its  volume,  and  still  have 
the  same  force  as  the  atmosphere. 

IJpon  this  principle  Mr.  Woolf  has  taken  out 
a  patent  for  various  improvements  on  the  steam 
engiiie,  a  short  account  of  which  we  shall  sub- 
join in  the  words  of  the  specification. 

*  If  the  engine  be  constructed  originally  with 
the  intention  of  adopting  the  preceding  improve- 
ment,  it  ought  to  have  two  steam  vessels  of  dif- 
ferent dimensions,  according  to  the  expansive 
force  to  be  communicated  to  the  beam ;  for  the 
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smaller  steam  cylinder  must  be  a  measure  for  wooifs 
the  larger.  For  example,  if  steam  of  40  poimds""?''^^*" 
the  square  inch  is  fixed  on,  then  the  smaller 
steam  vessel  should  be  at  least  -^  part  the  con- 
tents of  the  larger  one.  Each  steam  vessel 
should  be  fiimishai  with  a  piston,  and  the  smaller 
cylinder  should  have  a  communication  both  at 
its  top  and  bottom,  with  the  boiler  which  sup- 
plies the  steam,  which  communications,  by  means 
of  cocks  or  valves  are  to  be  alternately  opened 
and  shut  during  the  working  of  the  engine.  The 
top  of  the  small  cylinder  should  have  a  commu- 
nication with  the  bottom  of  the  larger  cylinder, 
and  the  bottom  of  the  smaller  one  with  the  top 
of  the  larger,  with  proper  means  to  open  and 
shut  these  alternately  by  cocks,  valves,  or  any 
other  contrivance.  And  both  the  top  and  bot- 
tom of  the  larger  cylinder  should,  while  the  en- 
gine is  at  work,  communicate  alternately  with  a 
condensing  vessel,  into  which  a  jet  of  water  is 
admitted  to  hasten  the  condensation.  Things 
being  thus  arranged  when  the  engine  is  at  work, 
steam  of  high  temperature  is  admitted  from  the 
boiler  to  act  by  its  elastic  force  on  one  side  of 
the  smaller  piston,  while  the  steam  which  had 
last  moved  it  has  a  communication  with  the 
larger  cylinder,  where  it  follows  the  larger  piston 
now  moving  towards  that  end  of  its  cylinder 
which  is  open  to  the  condensing  vessel.  Let 
both  pistons  end  their  stroke  at  one  time,  and 
let  us  now  suppose  them  both  at  the  top  of  their 
respective  cylinders  ready  to  descend ;  then  the 
steam  of  40  pounds  the  square  inch,  entering 
above  the  smaller  piston,  will  carry  it  down- 
wards, while  the  steam  below  it,  instead  of  being 
allowed  to  escape  into  the  atmosph^e,  or  applied 
to  any  other  purposes^  will  pass  into  the  larger 
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cylinder  above  its  piston,  which  will  take  its 
downward  stroke  at  the  same  time  that  the  jms* 
ton  of  the  smaller  cylinder  is  doing  the  same 
thing ;  and»  while  this  goes  on,  the  steam  which 
last  filled  the  larger  cylinder,  in  the  upward 
stroke  of  the  engine,  will  be  passing  into  the 
condenser,  to  be  condensed  in  the  downward 
stroke.    When  the  pistons  in  the  smaller  and 
larger  cylinder  have  thus  been  made  to  descend 
to  the  bottom  of  their  cylinders/  then  the  steam 
from  the  boiler  is  to  be  shut  off  from  the  top, 
and  admitted  to  the  bottom  of  the  smaller  cy- 
linder, and  the  communication  between  the  bot- 
tom of  the  smaller  and  the  top  of  the  larger 
cylinder  is  also  to  be  cut  off,  and  the  communi- 
cation to  be  opened  between  the  top  of  the 
smaller  and  the  bottom  of  the  larger  cylinder ; 
the  steam  which,  in  the  downward  stroke  of  the 
engine,  filled  the  larger  cylinder,  being  now 
open  to  the  condenser,  and  the  commimication 
between  the  bottom  of  the  larger  cylinder  and 
the  condenser  cut  off;  and  so  on  altematdy,  ad- 
mitting the  ^team  to  the  different  sides  of  the 
smaller  piston,  while  the  steam  last  admitted  in- 
to the  smaller  cylinder  passes  alternately  to  the 
different  sides  of^  the  larger  piston  in  the  larger 
cylinder,  the  top  and  bottom  of  which  are  made 
to  communicate  alternately  with  the  condenser. 

^  In  an  engine  where  these  improvements  arc 
adopted,  that  waste  of  steam  which  arises  in 
other  engines,  from  steam  passing  the  piston,  is 
totally  prevented,  for  the  steam  which  passes  the 
piston  in  the  smaller  cylinder  is  received  into  the 
larger/ 

Mr.  Woolf  has  also  shewn  how  the  preced- 
ing arrangement  may  be  altered,  and  has  point- 
ed out  various  other  modifications  of  his  inven- 
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tion^  and  the  method  of  applying  his  improve- 
ments to  steam  engines  which  are  ah*eady  con- 
structed. 


On  the  Power  of  Steam  Engines^  and  the  Method 

of  Computing  it. 


From  the  account  which  has  been  given  of  Power  of 

-      -  -     °  steam  — 

ginc*. 


the  steam  engine,  and  the  mode  of  its  opera-  '^"^  ^°" 


tion,  it  must  be  evident  that  its  power  depends 
upon  the  breadth  and  height  of  the  cylmder, 
or,  in  other  words,  on  the  area  of  the  piston  and 
the  length  of  its  stroke.  If  we  suppose  that  no 
force  is  lost  in  overcoming  the  inertia  of  the 
great  beam,  and  that  the  lever  by  which  the 
power  acts  is  equal  to  the  lever  or  resistance ; 
then,  if  steam  of  a  certain  elastic  force  is  admit-  PtATt  x, 
ted  above  the  piston  9,  so  as  to  press  it  down-  Kg-  «• 
wards  with  a  force  of  a  little  more  than  100 
pounds,  it  will  be  able  to  raise  a  weight  of  100 
pounds  hanging  at  the  end  of  the  great  beam. 
When  the  piston  has  descended  to  the  bottom 
of  the  cylinder,  through  the  space  of  4  feet, 
the  weight  will  have  risen  through  the  same 
space;  and  100  pounds  raised  through  the  height 
of  4  feet,  during  one  descent  of  the  piston,  will 
express  the  mechanical  power  of  the  engine. 
But  if  the  area  of  the  piston  ^,  and  the  length 
of  the  cylmder  are  doubled,  while  the  expansive 
force  of  the  steam,  and  the  time  of  the  piston's 
descent  remain  the  same,  the  mechanical  energy 
of  the  engine  will  be  quadruple,  and  will  be 
represented  by  200  pounds  raised  through  the 
space  of  8  feet  during  the  time  of  the  piston's 
descent.  The  power  of  steam  engines,  there- 
fore, is,  ceteris  paribus^  in  the  compound  ratio  of 
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the  area  of  the  piston,  and  the  length  of  the 
stroke.  These  observations  being  premised,  it 
will  be  easy  to  compute  the  power  of  steam  en- 
gines of  any  size. 
Method  of  Thus,  let  it  be  required  to  determine  the 
TOmpmiDg  pQ^gj.  q{  steam  engines,  whose  cylinder  is  24 
inches  diameter,  and  which  make  22  double 
strokes  in  a  minute,  each  stroke  being  5  feet 
long,  and  the  force  of  the  steam  being  equal 
to  a  pressure  of  12  pounds  avoirdupois  upon 
every  square  inch.*  The  diameter  of  the  pis- 
ton being  multiplied  by  its  circumference,  and 
divided  by  4,  will  give  its  area  in  square  inches ; 

thus,  ^X3'»^»gX^  =  452.4,  the  number  of 

square  inches  exposed  to  the  pressure  of  the 
steam.  Now  if  we  multiply  this  area  by  12 
pounds,  the  pressure  upon  every  square  inch,  we 
will  have  452.4X12=5428.8  pounds,  the  whole 
pressure  upon  the  piston,  or  the  weight  which 
the  engine  is  capable  of  raising.  But  since  the 
engine  performs  22  double  strokes,  5  feet  long, 
in  a  minute,  the  piston  must  move  through 
22x5x2=220  feet  in  the  same  time ;  and 
therefore  the  power  of  the  engine  will  be  re- 
presented by  5428.8  pounds  avoirdupois,  raised 
through  220  feet  in  a  minute,  or  by  10.4  hogs- 
heads of  water,  ale  measure,  raised  through  the 
same  height  in  the  same  time.  Now  this  is 
equival^t  to  5426.8X220=1194336   pounds. 


'  The  working  pressure  is  gCQcrally  reckoned  at  10 
pounds  on  every  circular  inch,  and  Smeaton  makes  it  only 
7  pounds  on  every  circular  inch.  The  effective  pressure 
which  we  have  adopted  is  between  these  extremes,  being- 
equivalent  to  9.42  pounds  on  every  circular  inch. 
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or  10.4X220=2288  hogsheads  raised  through 
the  height  of  1  foot  in  a  minute.  This  is  die 
most  unequivocal  expression  of  the  mechanical 
power  of  any  machine  whatever,  that  can  possi- 
bly be  obtained.  But  as  steam  engines  were  sub- 
stituted in  the  room  of  horses,  it  has  been  cus- 
tomary to  calculate  their  mechanical  energy  in 
horse  powers^  or  to  find  the  number  of  horses 
which  could  perform  the  same  work.  This  in- 
deed is  a  very  vague  expression  of  power,  on  ac- 
count of  the  diflferent  degrees  of  strength  which 
different  horses  possess.  But  srill,  when  we  are 
told  that  a  steam  engine  is  equal  to  l6  horses, 
we  have  a  more  distinct  conception  of  its  power, 
than  when  we  are  informed  that  it  is  capable  of 
raising  a  number  of  pounds  through  a  certain 
space  in  a  certain  time. 

Messrs.  Watt  and  Boulton  suppose  a  horse  Horte 
capable  of  raising  32,000  pornids  avoirdupois^^"*" 
1  foot  high  in  a  minute,  while  Dr.  DesaguUers 
makes  it  27,<500  pounds,  and  Mr.  Smeaton  only 
22,91 6.  If  we  (Uvide,  therefore,  the  number  of 
pounds  which  any  engine  can  raise  I  foot  high 
m  a  minute,  by  these  three  numbers^  each  quo- 
tient will  represent  the  number  of  horses  to 
which  the  engine  is  equivalent.  Thus,  in  the 
present  example  ^\YolV  =  ^^y  horses  accord- 
ing to  Watt  and  Boulton ;  -HTfiif  =  ^^i 
horses,  according  to  DesaguUers ;  and  ' '  ^  ^  ^ }  ? 
=  52j  horses,  according  to  Smeaton.  In  this 
calculation,  it  is  supposed  that  the  engine  works 
only  eight  hours  a-day ;  so  that  if  it  wrought 
during  the  whole  24  hours,  it  would  be  equiva- 
lent to  thrice  the  number  of  horses  found  by  the 
preceding  rule.  We?  cannot  help  observing, 
and  it  is  with  sincere  pl^sure  that  we  pay  that 
tribute  of  respect  to  the  honour  and  integrity  of 
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Messrs.  Watt  and  Boulton  which  has  everywhere 
been  paid  to  their  talents  and  genius, — that  in 
estimating  the  power  of  a  horse,  they  have  as* 
signed  a  value  the  most  unfavourable  to  their 
own  interests.  While  Mr.  Smeaton  and  Dr. 
Desaguliers  would  have  made  the  engine  in  the 
preceding  example  equivalent  to  52  or  43  horses, 
the  patentees  themselves  state  that  it  will  per- 
form the  work  only  of  37.  How  unlike  is  this 
conduct  to  some  or  our  modem  inventors,  who 
ascribe  powers  to  their  machines  which  cannot 
possibly  belong  to  them,  and  employ  the  mean- 
est arts  for  ensnaring  the  public ! 
Perform-  Before  concluding  this  article,  we  shall  state 
Watt's^  ^^^  performance  of  some  of  these  engines,  as 
steam  en-  determined  by  experiment.  An  engine  whose 
gmcs.  cylinder  is  31  inches  in  diameter,  and  which 
makes  17  double  strokes  per  minute,  is  equi- 
valent to  40  horses,  working  day  and  night,  and 
bums  1 1 ,000  pounds  of  Staffordshire  coal  per 
day.  When  the  cylinder  is  1 9  inches,  and  the 
engine  makes  25  strokes  of  4  feet  each  per  mi- 
nute, its  power  is  equal  to  that  of  1 2  horses 
working  constantly,  and  bums  3700  pounds  of 
coals  per  day.  And  a  cylinder  of  24  inches 
which  makes  22  strokes  of  5  feet  each,  performs 
the  work  of  20  horses,  working  constantly,  and 
bums  5500  pounds  of  coals.  Mr.  Boulton  has 
estimated  their  performance  in  a  different  manner. 
He  states,  that  1  bushel  of  Newcastle  coals,  con- 
taining 84  pounds,  will  raise  30  million  pounds 
1  foot  high ;  that  it  will  grind  and  dress  J I 
bushels  of  wheat ;  that  it  will  slit  and  draw  into 
nails  5  cwt.  of  iron ;  that  it  will  drive  1000  cot- 
ton spindles,  with  all  the  preparation  machinery, 
with  the  proper  velocity!;  and  that  these  effects 
are  equivalent  to  the  work  of  10  horses. 
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DESCRIPTION  OF  A  WATER-BLOWING  MACHINE. 

X  HIS  machine  is  so  useful  for  conveying  wind  w»tcr- 
to  the  furnaces  of  iron  forges,  and  the  P™-^J^^^^ 
ciple  by  which  it  operates  is  so  curious,  as  to 
entitle  it  to  the  particular  attention  of  the  prac- 
tical mechanic,  as  well  as  the  speculative  philo- 
sopher. Although  it  has  been  known  and  gener- 
ally adopted  on  the  Continent  for  above  a  cen- 
tury, yet  it  has  neither  been  generally  introduced 
into  the  forges  of  this  country,  nor  has  it  found 
its  way  into  many  of  our  treatises  upon  ma- 
chinery. 

Let  A  jB,  Fig.  2,  be  a  cistern  of  water,  with  p^ at*  ix, 
the  bottom  of  which  is  connected  the  bended  F»g-  »• 
leaden  pipe  B  CH.  The  lower  extremity  H  of 
the  pipe  is  inserted  into  the  top  of  a  cask  or  ves- 
sel Z)£,  called  the  condensing  vessel,  having 
the  pedestal  P  fixed  to  its  bottom,  which  is  per- 
forated with  two  openings  MyN.  When  the  wa- 
ter, which  comes  from  the  cistern  A^  is  falling 
through  the  part  C  H  oi  the  pipe,  it  is  supplied 
by  the  openings  or  tubes  7»,  n,  tf,  p,  with  a  quan- 
tity of  air  which  it  carries  along  with  it.  This 
mixture  of  air  and  water  issuing  from  the  aper- 
ture //,  and  impinging  upon  the  surface  of  the 
stone  pedestal  P,  is  dnven  back  and  dispersed  in 
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various  directions.  The  air  bang  thus  separated 
from  the  water,  ascends  into  the  upper  part  of 
the  vessel,  and  rushes  through  the  opening  Fj 
whence  it  is  conveyed  by  the  pipe  FG  to  the 
fire  at  G,  while  the  water  falls  to  the  lower  part 
of  the  vessel,   and  runs  out  by  the  openings 

In  order  that  the  greatest  quantity  of  air  may 
be  driven  into  the  vessel  D  £,  the  water  should 
begin  to  fall  at  C  with  the  least  possible  velo- 
city ;  and  the  distance  of  the  lowest  tubes  o,  p^ 
from  the  extremity  of  the  pipe  H  should  be  to 
the  length  of  the  vertical  tube  CH  zs  S  to  8, 
in  order  that  the  air  may  move  in  the  pipe  F  G 
with  sufficient  velocity.  The  part  of  the  tube 
between  op  and  H,  and  the  vessel  D  £,  must 
be  completely  closed,  to  prevent  th»  escape  of 
the  internal  air. 
Urapp^  Fabri  and  Dietrich  imagined  that  the  wind  is 
fiMu  tiie  occasbned  by  the  decomposition  of  the  water,  or 
1^'  its  transformation  into  gas,  in  consequence  of  the 
agitation  and  percussion  of  its  parts.  But  M. 
Venturi,'  to  whom  we  are  indebted  for  the  first 
philosophical  account  of  this  machine,  has  shewn 
that  this  opinion  is  erroneous,  and  that  the  wind 
is  supplied  from  the  atmosphere ;  for  when  the 
lateral  openings  m,  n,  o, )),  were  shut,  no  wind 
was  generated. 

Hence  the  principal  object  in  the  construction 
of  these  machines  is  to  combine  as  much  air  as 
possible  with  the  descending  current.  With  this 
view  the  water  is  often  made  to  pass  through  a 
kind  of  cullendar  placed  in  the  open  air,  and 
perforated  with  a  great  number  of  small  trian- 

*  Experimental  Enquiry  concerning  the  lateral  commu- 
nication of  motion  in  Fluidi.    Prop.  a. 
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gulai*  holes.  Through  these  apertures  the  water 
descends  in  many  small  streams,  and  by  exposing 
a  greater  surface  to  the  atmosphere,  it  carries 
along  with  it  an  immense  quantity  of  air,  and  is 
conveyed  to  the  pedestal  /*  by  a  tube  C  //,  open 
and  enlai'ged  at  6',  so  as  to  be  considerably  wideif 
than  the  end  of  the  pipe  which  holds  the  cuU 
iendar. 

It  has  been  generally  supposed  that  the  water* 
fall  should  be  very  high;*  but  Dr.  Lewis  has 
shewn,  by  a  variety  of  experiments^  that  a  fell 
of  4  or  5  feet  is  sufficient,  and  that  when  the 
height  is  greater  than  this,  two  or  more  blow- 
ing machines  may  be  erected,  by  conducting  the 
water  from  which  the  air  is  extricated  into  ano- 
ther reservoir,  from  wiiich  it  again  descends  and 
generates  air  as  formerly.  That  the  air,  which 
is  necessarily  loaded  with  moisture,  may  arrive 
at  the  furnace  in  as  dry  a  state  as  possible,  the 
condensing  vessel  D  E  should  be  made  as  high 
as  circumstances  will  permit;  and  in  order  to 
determine  the  strength  of  the  blast,  it  should  be 
furnished  with  a  gage  a  b  filled  with  water. 

Franciscus  Tertius  de  Lanis  observes,'  that 
he  has  seen  a  greater  wind  generated  by  a  blow- 
ing machine  ot  this  kind,  than  could  be  produced 
by  bellows  10  or  12  feet  long. 

The  rain  wiiid  is  produced  in  the  same  way  asCaiwe  of 
the  blast  of  air  in  water-blowing  machines.  When  wiT^ 
the  drops  of  rain  impinge  upon  the  surfece  of  the 
sea,  the  air  which  they  drag  along  with  them 
often  produces  a  heavy  squall,  which  is  sufficient- 
ly strong  to  carry  away  the  mast  of  a  ship.     The 


'  Wolfius  makes  the  length  of  the  tube  C  If  5  or  6  feet 
Opera  Mathematica,  torn,  i,  p.  830. 

'  In  Magisterio  Naturae  et  Artis^  lib.  ▼,  cap.  3^ 

Vol.  J  I.  D  d 
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same  phenomena  happens  at  land,  when  the 
clouds  empty  themselves  in  alternate  showers. 
In  this  case,  the  wind  proceeds  from  that  quar- 
ter of  the  horizon  where  the  shower  is  falling. 
The  common  method  of  accounting  for  the  ori- 
gin of  winds  by  local  rarefactions  of  the  air,  ap- 
pears to  me  pregnant  with  insuperable  difficulties; 
and  I  am  apt  to  think,  that  these  agitations  in 
our  atmosphere,  ought  rather  to  be  referred  to 
the  principle  which  we  have  now  been  consi- 
dering.* 


*  Those  who  wish  for  more  information  upon  the  subject 
of  water^blowing  machines)  may  consult  Lewis's  Commerce 
of  Alts ;  the  Journal  des  Mines,  N^  91  ;  or  Nicholson's 
Journal,  vol.  xii,  p.  48. 
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PESCRIPTIOK  OF  WHlTBHURSrS  MACHINE  FOR 
RAISING  WATER  BY  ITS  MOM£NTU>I;  AND  MONT- 
GOLFIER*S  HYDRAULIC  RAM. 

X  HE  ingenious  idea  of  raising  water  by  the  mo-  The  idea  of 
mentum  of  the  water  itself  was  first  suggested  by  jJJ^'^^n. 
Mr.  Whitehurst  in  the  Philosophical  Transac- tum  mg- 
tions  for  1775.     The  same  principle,  in  an  ^^^'^^^. 
proved  form,  has  lately  been  revived  in  France,  hurit. 
and  has  excited  considerable  attention  both  on 
the  continent  and  in  this  country.     Whatever 
credit,  therefore,  is  due  to  the  inventor  of  the 
hydraulic  ram,  properly  belongs  to  our  country- 
man Mr.  Whitehurst,  and  Montgolfier  can  lay 
claim  to  nothing  more  than  the  merit  of  an  im- 
prover. 

Mr.  Whitehurst's  machine,  which  is  represent-  Dcicripti©n 
ed  in  figure  2**  of  Plate  XIV,  was  actually  erect-  white- 
ed  at  Oulton  in  Cheshire,  and  completely  an-  h»5»fs  ma. 
swered  the  expectation  of  its  inventor.     AM  is^T« 
the  original  reservoir,  whose  surface  isron  a  level  xrv, 
with  By  the  bottom  of  the  reservoir  B  N.    The  ^*«- ^-^pp- 
main  pipe  ^£,  is  If  inches  diameter^  and  near- 
ly two  hundred  yards  long,  and  the  branch  pipe 
EF  is  of  such  a  size,  that  the  cock  jP'is  about 

Dd  2 
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16  feet  below  the  surface  M  of  the  reservoir* 
D  is  a  valve  box,  with  its  valve  cr,  and  C  is  an 
air  vessel,  into  which  are  inserted  the  extremities 
m,  n,  of  the  main  pipe,  bent  downwards  to  pre- 
vent the  air  from  being  driven  out  when  the  wa- 
ter is  forced  into  it.  Now,  since  the  difference 
of  level  between  the  cock  F,  and  the  top  of  the 
reservoir -^3/ is  16  feet,  upon  opening  the  cock 
F  the  water  will  rush  out  with  a  velocity  of 
nearly  30  feet  per  second.  A  column  of  water, 
therefore,  two  hundred  yards  long,  is  thus  put 
in  motion,  and,  though  the  aperture  of  the  cock 
F  be  small,  it  must  have  a  very  considerable 
momentum.  Let  the  cock  F  be  now  suddenly 
stopped,  the  water  must  evidently  rush  througn 
the  valve  a  into  the  air  vessel  C,  and  condense 
the  included  air.  This  condensation  must  take 
place  every  time  the  cock  is  opened  and  shut, 
and  the  included  air  being  highly  compressed,  will 
press  upon  the  water  in  the  air  vessel,  and  raise 
it  into  the  reservoir  B  N* 
Destription  From  this  brief  description  of  Whitehurst's 
9oV^t  ^^&^^9  ^he  reader  will  easily  perceive  its  resem- 
,  hydraulic  blance  to  that  of  Montgolfier,  a  section  of 
p"'^^  which  is  represented  by  figure  3"*.  72  is  the  re- 
XIV,  servoir,  if  5  the  height  of  the  fall,  and  S  T  the 
^'•^•^PP*  horizontal  tube  which  conducts  the  water  to  the 
endne  A  BHTC.  E  and  D  are  two  valves, 
and  FG  2L^  pipe  reaching  within  a  very  little  of 
the  bottom  CB.  Now  let  water  descend  from 
the  reservoir,  it  will  rush  out  at  the  aperture  m  n 
till  its  velocity  becomes  so  great  as  to  force  up 
the  valve  £.  The  water  being  thus  suddenly 
checked,  and  unable  to  find  a  passage  at  m  n, 
will  rush  forwards  towards  /T,  and  raise  the 
valve  D.  A  portion  of  water  being  admitted  into 
the  vessel  ABC^  the  impulse  of  the  column  of 
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fluid  Is  spent,  the  valves  D  and  E  fall,  ^d  the 
water  rushes  out  at  m  n  as  before,  when  its  motion 
is  again  stopped,  and  the  same  operation  repeated 
which  has  now  been  describe.  Every  time 
therefore  that  the  valve  E  closes,  a  portion  of 
water  will  force  its  way  into  the  vessel  AB  C^ 
and  condense  the  air  which  it  contains ;  for  the 
included  air  has  no  communication  with  the  at- 
mosphere after  the  water  is  higher  than  the 
bottom  of  the  pipe  FG.  This  coa4ensed  air 
will  consequently  exert  great  force  upon  the  sur- 
face op  oi  the  water,  and  raise  it  in  the  tube 
f  G  to  a  height  proportioned  to  the  elasticity  of 
the  imprisoned  air.  The  external  appearance  of 
the  engine,  copied  from  one  in  the  possession  of 
Professor  Leslie,  is  exhibited  in  Figure  4,  where  Fig.  4. 
AB  Cis  the  air  vessel,  P the  valve  box,  G  the 
extremity  of  the  valve,  and  Mj  iV,  screws  for 
fixing  the  horizontal  tube  to  the  machine.  A 
piece  of  brass  A^  with  a  small  aperture,  is  screwed 
on  the  top  when  the  engine  is  employed  to  form 
a  jet  of  water.  From  this  description,  the  read- 
ier will  perceive,  that  the  only  difference  between 
the  engines  of  Montgolfier  said  Whitehurst  is, 
that  the  one  requires  a  person  to  turn  the  cock, 
while  the  other  has  the  advantage  of  acting  spon- 
taneously. Montgolfier  indeed  observes,  that 
the  honour  of  this  invention  was  not  due  to  Eng* 
land,  but  that  he  was  the  sole  inventor,  and  did 
jiox.  receive  a  hint  from  any  person  whatever.  * 
We  leave  it  to  the  reader  to  determine  what 
degree  of  credit  these  ^tssertions  are  entitled  to. 

■  *  Cettc  inveotion  n'cet  point  originaire  d'Anglctcrre, 
die  appartient  toutc  entiere  a  la  France  $  je  declare  que  j'en 
€ui8  le  seul  inventeur,  et  que  I'idce  ne  xn'en  a  ete  fournic 
par  personnel  Journal  des  Mines,  vol.  xiii^  No.  73* 
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It  would  appear  from  some  experiments  of 
Montgolfier,  that  the  ^ect  of  the  water-ram 
is  equal  to  between  r  and  ^  of  the  power  ex- 
pended, which  renders  it  superior  to  most  hy- 
draulic machines.* 


*  Those  who  wish  for  more  information  on  this  sub- 
ject, may  consult  the  Journal  dcs  Mines,  toI.  xiii.  No.  73, 
where  Montgolfier  has  given  a  very  unphilosophical  ac» 
count  of  the  ram. — Sonini's  Journal,  Feb.  I8O6,  p.  334, 
and  Nicholson's  Journal,  No.  56y  voL  xiv,  p.  98. 
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ON  ACHROMATIC  TELESCOPES. 


On  dichromatic  Object  Glasses. 

JN  OTWITHSTANDING    the   claimS   of  foreififners  Achroma- 

to  the  invention  of  the  achromatic  telescope,  we**^^"' 
have  the  most  unquestionable  evidence  that  this 
instrument  was  first  invented  and  constructed 
about  the  year  1758,  by  our  countryman  Mr. 
John  DoUond.  As  telescopes  of  this  description 
are  not  affected  with  the  prismatic  colours,  the 
late  Dr.  Bevis  proposed  to  distinguish  them  by 
the  name  of  Achromatic^  an  appellation  which 
they  have  hitherto  retained,  though  some  have 
erroneously  stated  that  it  was  first  given  them 
by  the  astronomer  Lalande. 

During  the  17^^  century,  when  every  branch 
of  science  was  cultivated  with  unwearied  assi- 
duity, the  attention  of  philosophers  was.  particu- 
larly directed  to  the  improvement  of  the  refrctct-- 
ing  telescope.  But  as  the  diffierent  refirangibility 
of  the  rays  of  light  was  then  unknown,  men  of 
science  employed  themselves  chiefly  in  trying  to 
remove  the  spherical  aberration,  or  the  error 
which  arises  from  the  spherical  figure  of  the  ob- 
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imperfec-  ject  glass^  For  this  purpose  they  ground  their 
l^J*^^' object  lenses  of  a  parabolic  or  hyperbolic  figure, 
or  of  a  spherical  form,  with  the  radius  of  the  sur^ 
face  next  the  object  six  times  greater  than  that 
of  the  surface  next  the  eye,  in  wl)ich  case  Huy- 
gens  had  shewn  that  the  aberration  is  less  thax| 
when  the  radii  of  curvature  have  any  other  pro- 
portion. After  all  these  trials,  however,  the  re- 
fracting telescope  still  retained  its  former  jmperr 
f(^ctions,  and  the  opticians  of  those  days,  com- 
pletely despairing  of  bringing  it  to  perfection, 
turned  the  whole  of  their  attention  to  the  con^ 
struction  of  the  reflecting  telescope. 

It  was  reserved  for  Sir  Isaac  Newton  to  dis- 
cover the  cause  of  these  imperfections,  and  for 

S*DoliSd  ^^^^^^^  ^^  point  out  their  cure.  From  Newton's 
•  '  Theory  of  Colours,  it  plainly  appeared  that  the 
imperfections  of  the  dioptric  telescope  arose  from 
the  different  refrangibility  of  the  rays  of  light, 
and  that,  compared  with  this,  the  spherical 
aberration  was  extremely  trifling.  But  though 
Newton,  by  thus  pointing  out  the  cause  of  Ae 
indistinctness  of  refracting  telescopes,  contri* 
buted  indirectly  to  their  improvement,  he  may 
certainly  be  said  to  have  checked  the  progress 
of  this  branch  of  science,  when  he  stated,  *  ^  that 
f  all  refracting  substances  diverged  the  prismatic 

*  colours  in  a  constant  proportion  to  their  mean 

*  refr^ctipns, — that  refraction  could  not  be  pro- 
^  duced  without  colour,  and,  consequently,  that 

*  no  improvement  could  be  expected  in  the  re- 
.•  fracting  telescope,*  In  this  conclusion  philo- 
^phers  had  acquiesced  for  above  half  a  century, 
till  Mr.  DoUond  baying  e;tcamined  the  premises 


'  Newton's  Optica,  p.  IJ^ 
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from  which  it  was  drawn,  obtained  a  result  very 
different  from  that  of  Sir  Isaac  Newton.  He 
found  that  substances  which  had  the  same  refrac- 
tive power  had  different  dispersive  powers,  or, 
in  his  own  words,  *  *  that  there  is  a  diffierence  in 

*  the  dispersion  of  the  colours  of  h'ght,  when 

*  the  mean  rays  are  equally  refracted  by  different 

*  mediums ;'  and  thence  concluded  that  the  ob- 
ject glasses  of  refracting  telescopes  were  capable 
p{  being  made,  without  being  affiected  by  the 
different  refrangibility  of  the  rays  of  light.      , 

That  our  readers  may  understand  this  illus-* 
trious  discovery,  and  the  method  of  its  ap|>Uca"* 
tion  to  the  construcdon  of  achromatic  object 
glasses,  let  ^  JS  C  be  a  prism,  0  a  beam  of  white  p^^te  ix, 
light  proceeding  in  the  direction  OiV,  but  re-  **^'^^ 
fracted  from  its  rectilineal  course  by  the  inter* 
position  of  the  prism,  and  forming  the  prismatic 
spectrum  RMy.  The  line  n  M  being  the  direc* 
tion  of  the  mean  refracted  light,  the  ^gle  Nn  M 
is  called  the  angle  of  deviation^  and  Rn  V  the 
angle  of  dissipation,  or  dispersion.  In  the  same 
medium,  the  angle  of  dispersion  is  always  pro- 
portional to  the  angle  of  deviation,  or  to  the 
mean  angle  of  refraction,  and  Newton  imagined 
that  this  was  universally  the  case  in  different  me-r 
dia,  £.  e.  that  the  angle  Nn  Af  is  always  propor* 
jtional  to  the  angle  RnVy  whether  the  prism  be 
of  crown,  or  flint,  or  any  other  kind  of  glass. 
Doilond,  however,  found  that  these  angles  were 
not  proportional  to  each  other  in  different  media^ 
but  that  in  some  the  angle  of  deviation  is  larger 
when  the  aDgle  of  dispersion  is  smaller,  and  that 
in  others  thp  angle  of  deviation  is  smaller  when 


^  See  the  philosophical  Transactionsi  vol.  50,  p«  743 « 
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the  angle  o£  dispersion  is  larger.  Thus,  if  the 
prism  A BChe  made  of  crown  glass,  the  angle 
of.  deviation  will  be  Nn  Af,  and  that  of  dispersion 
Rn  V^  but  if  a  flint-glass  prism  with  a  less  re- 
fracting.  angle  be  substituted  in  its  room,  the 
angle  of  deviation  may  be  Nn  M,  while  that  of 
dispersion  becomes  r  n  v. 
-Appiica-  The  application  of  these  principles  to  the  im- 
tiontoach-provement  of  the  refracting  telescope  will  be 
ui^o^B.  ^^'y  comprehended,  if  we  consider  that  light 
is  refracted  and  dispersed  by  lenses  in  the  same 
Plati  IX  ^^^^^^  ^  ^  prisms.  Thus,  in  Fig.  6,  let  ji  B 
Fig. 6.  'be  a  convex  lens,  O  a  beam  of  light  incident  at 
m^  emerging  at  m^  and  proceeding  in  the  direc- 
,  tion  m  N  ;  then  if  we  suppose  a  i^  c  to  be  a  prism, 
whose  sides  ab^ac^  are  tangents  to  the  surfaces 
of  the  lens  in  the  points  7j,  tw,  the  beam  of  light 
0,  incident  at  w,  will  emerge  at  ?»,  and  proceed 
in  the  same  direction  m  7v  as  formerly ;  and  if 
the  lens  be  concave,  as  C  Z),  it  will  refract  and 
disperse  the  rays  in  the  same  way  as  a  prism 
acd^  placed  in  a  contrary  direction  with  its  base 
a  d  uppermost.  Now,  if  we  apply  to  the  prism 
abc  another  prism  acd,  having  a  similar  re- 
fracting  angle,  and  the  same  refractive  and  dis- 
persive power,  or  if  to  the  convex  lens  A  B  ^t 
apply  the  concave  one  CZ),  having  the  same 
curvature  and  the  same  refractive  and  dispersive 
power,  then  the  ray  of  white  light  0,  incident 
at  n,  will  emerge  colourless  at  />,  and  proceed 
in  the  direction  p  iV,  parallel  to  0  w,  because  the 
change  which  is  produced  on  the  incident  ray  by 
the  first  prism  or  convex  lens,  is  counteracted 
by  an  equal  and  opposite  change  produced  by  the 
second  prism  or  concave  lens.  But  if  the  second 
prism  or  lens  has  a  different  refractive  and  dis- 
persive power  from  the  first,  and  if  the  refract- 
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ing  angle  of  both  is  the  same,  the  ray  p  N  wUl 
be  coloured  after  refraction,  because  the  second 
prism  more  than  counteracts  the  effects  of  the 
first,  and  it  will  be  bent  to  or  from  the  axis  of 
the  lenses  according  as  the  refracting  power  of 
the  second  prism  or  lens  is  greater  or  less  than 
that  of  the  first. 

From  these  observations,  the  attentive  reader  Double 
will  easily  understand  the  construction  of  the  ^^^^^'^ 
double  achromatic  object  glass,  in'  which  ji  Brig.e. 
is  the  convex  lens  of  croum  glass,   and  CD 
the  concave  one  oi  flint  glass.      As   the   re- 
fractive and  di^ersive  powers  of  the  lens  CDh 
greater  than  those  of  the  lens  Jl  B,  the  curva- 
tures of  the  lenses,  or  the  refracting  angles  of 
the  corresponding  prisms,  being  equal,  the  ray 
p  N  will  be  bent  from  the  axis  of  the  lenses,  and 
it  will  be  coloured  by  the  excess  of  the  dispersive 
power  of  the  flint  above  that  of  the  crown  glass. 
In  this  case,  therefore,  the  combined  lenses  will 
not  have  a  positive  focus.     But,  since,  in  the 
same  medium,  the  angle  of  dispersion  increases 
or  diminishes  with  the  angle  of  deviation,  we  can 
diminish  the  refraction  and  dispersion  of  the  con- 
cave lens  by  diminishing  its  concavity,  or  the  re- 
fracting angle  of  the  corresponding  prism.  Now, 
let  the  concavity  of  the  lens  CD  he  diminished 
till  its  dispersion  be  equal  to  the  dispersion  of 
the  lens  Ji  By  its  refraction  or  power  of  bending 
the  incident  rays  will  also  be  diminished ;  then 
since  the  dispersion  of  the  concave  lens  is  equal 
to  the  dispersion  of  the  convex  one,  and  its  cur- 
vature less,  the  ray  p  N  will  emerge  perfectly 
colourless,  and  it  will  be  bent  towards  the  axis 
of  the  lenses,  as  the  convergency  of  the  incident 
ray  occasioned  by  the  convex  lens  is  not  wholly 
counteracted  by  the  divergency  produced  by  the 
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concave  one.     In  the  same  manner  every  other 
ray  falling  upon  the  surface  oi  AB  will  be  re- 
fracted colourless  into  a  positive  focus,  and  aa 
image  will  be  formed  perfectly  achromatic. 
wiMtlc*^     From  what  has  been  said  concerning  the  double 
ject  gbn.  achromatic  object  glass,  it  will  be  easy  to  com* 
prehend  how  a  colourless  image  is  formed  by  a 
combination  of  three  lenses,  which  is  now  uni- 
versally adopted  for  the  purpose  of  diminishing 
Fiitcix,  the  sphericsJ  aberration.      In  Fig.  7,  let  A  B^ 
r«g.  7-       CDj  E  Fj  be  the  three  lenses  which  compose 
the  triple  object  glass,*  ABj  and  EFy  being 
convex,  and  of  crown  glass,  and  CD  concave, 
and  made  of  flint  glass ;  and  let  a  by  cd^  ef^  he 
corresponding  prisms,  which,  if  substituted  in* 
fitead  of  the  lenses,  would  refract  and  disperse, 
in  a  similar  manner,  any  ray  of  light  which  falls 
upon  the  points  y,  wi,  r,  /,  g,  p,  where  the  sides 
of  the  prisms  are  supposed  to  touch  the  sur&ces 
of  the  lenses.     Suppose,  also,  which  is  generally 
the  case,  that  the  two  convex  lenses  have  equu 
focal  lengths,   and  that  the  focal  distance  of 
either  lens  is  greater,  or  their  curvature  less, 
than  that  of  the  concave  one,  whose  dispersion 
exceeds  that  of  the  lens  AB  ;  then  a  ray,  O,  oi 
white  light  incident  at  9,  will,  after  refraction  by 
the   lens  AB^   be  separated  into  its  compo- 
nent parts,  and  proceed  in  the  direction  mr  R^ 
n  s  V ;  mr  R  being  the  extreme  red  ray,  and 
71 J  ^  the  extreme  violet.    But  as  these  rays  are 
intercepted  by  the  lens  C  D,  at  the  points  r,  *, 
they  will  undergo  another  refraction  in  a  con- 
trary direction,  and  will  proceed  according  to 


'  The  lenses  are  placed  at  a  distance  from  each  other  in 
the  figure,  that  the  progress  of  the  incident  ray  may  be 
more  easfly  perceived. 
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the  dotted  lines  tr^ov.  These  rays  will  diverge 
after  refraction,  and*  be  bent  from  the  axis  of 
the  lenses,  since  the  refraction,  as  well  as  the  re- 
fracting angle  of  the  prism  c  d^  or  lens  c  /),  ex- 
ceeds the  refraction,  and  refracting  angle  of  the 
prism  a  A,  or  lens  A  B ;  for  though  the  violet 
ray  qnsis  bent  from  the  red  ray  qmr,  by  the 
refraction  of  the  lens  j4  B,  it  is  again  bent  to- 
wards it  by  the  superior  refraction  of  the  concave 
lens,  and  they  will  therefore  converge  to  one 
another  in  the  direction  tr^  ov.  In  this  case, 
the  excess  of  dispersive  power  in  the  concave  lens 
tends  only  to  delay  the  mutual  convergency  of  the 
red  and  violet  rays,  or  to  remove  the  point  where 
they  would  meet  farther  from  the  lens  e  D.  Ndw 
it  is  evident  that  two  rays  of  diflferent  refrangi- 
bility  falling  upon  a  prism  or  lens  with  diiferent 
angles  of  incidence,  may  emerge  with  the  same 
angle  of  refraction,  or  may  be  united  at  their 
emersion  from  the  prism  or  lens;  for  in  this 
case  their  difference  of  refrangibility  counteracts 
the  difference  between  their  angles  of  incidence* 
The  red  and  violet  rays  or^  iv^  therefore,  which 
fall  upon  the  lens  E  F,  with  different  angles  of 
incidence^  will,  after  refraction  by  the  third  lens, 

{proceed  perfectly  coloiu'less  in  the  direction  j&M 
n  the  same  manner,  all  the  rays  which  proceed 
from  any  object,  emerging  colourless  from  the 
triple  object-glass,  will  unite  in  one  point,  and 
form  an  image  completely  achromatic. 

Having  thus  discovered  that  light  could  be  re- 
fracted without  colour,  the  next  object  of  philo- 
sophers was  to  ascertain  the  curvature  which 
must  be  given  to  lenses,  in  order  to  produce  this 
effect,  and  likewise  to  correct  the  spherical  aber- 
ration. This  subject  has  been  treated  with  the 
greatest  ability  by  several  foreign  mathematicians, 
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but  particularly  by  Euler,'  D'Alembert,*  Clai- 
raut,'  Boscovich,*  and  Klugel.^  The  writings 
of  these  philosophers  furnish  us  with  the  most 
complete  and  accurate  information  upon  this 
point  I  and  art  has  in  this  case  received  from 
science  all  the  assistance  which  she  can  possibly 
bestow.  It  shall  be  our  object  at  present  to  re- 
duce the  results  of  their  investigations  either  into 
tables  or  into  such  a  form  as  may  be  easily  com- 
prehended by  the  practical  optician,  and  thus  to 
furnish  the  artist  with  a  popular  view  of  this  in- 
teresting subject.  For  this  purpose,  the  cele- 
brated Euler  has  given,  in  his  Dioptrics,*  two 
formulae,  from  which  we  have  calculated  die  two 
following  tables,  containing  the  radii  of  curvature 
for  the  lenses  of  a  triple  object-glass. — ^The  first 
column  contains  the  focal  distance  of  the  lenses 
when  combined  ;  and  the  six  following  columns 
contain  the  radii  of  their  curvature  in  inches  and 
decimals,  beginning  with  the  surface  next  the 
object. 


'  C^omment.  Nov.  Acad.  Pctropol.  Tom.  18,  p.  40?. 

*  Mcitt.  dc  TAcad.  Paris,  1764,  8"%  p.  13g ;  1765,  S"*, 
p.  81,  and  17671  4%  p.  43. 

'  Mem.  dc  PAcad.  Paris  1756,  8"%  p.  6l2;  1757, 8^*9 
p.  853,  and  1762. 

^  R.  J.  Boscovichii  Opera  pertinentia  ad  Opticam  ct 
Astronomiam,  Bassani.  I785f  Tom.  1.  Oputc.  2,  p.  i^ 

*  Comment.  Reg.  Soc.  Gotting.  1795  to  1798,  Tom. 
13,  p.  28. 

^  The  mean  refraction  of  the  crown  glass  is  supposed  to 
be  1.53,  and  that  of  the  flint  glass  1.58,  and  their  diq^« 
•ire  powers  as  2  to  3. 
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TABLE  I. 


Table  of  the  R.id'u  of  Curvature  of  the  Lenses  of  a  Triple  Acly 
romatic  Object  Glass,  according  to  EuUr*s frsi  Formula. 


Focal 
length. 


Convex  lens  oi 
Crown  Glass. 


Inch. 


6 
9 
12 
18 
24 
30 
36 
42 
48 
.54 

6o 


Inches. 


3.00 
4,50 
6.00 
9.00 
12.00 


Inches. 


Concave  kn^  ot 
Flint  Glass. 


Inches. 


22.00 
33.00 
44.00 
66.00 
88.00 


15.01,109.99 
18.Oltl31.99 


21.01 
24.02 


153.99 


3.10 
4.65 
6.201 


Inches. 


2.91 
4.36 

5.82 


Convex  lens  of 
Crown  Glass. 


perture. 


Inches. 


Inches. 


9.30    8.72 


12.40 
15.50 
18.60 


175.9924.8023.28 
27.02jl  97.99127.90  26. 1 6 
30.02  2 1 9.99J3 1 .00129.06 


14.53 


21.7020.37 


3.13 
4.70 
6.26 
9.40 


11.6412.52 


15.65 


2.85 
4.28 


bcmiA-\    Tables  for 


Inches. 


0.71 
1.07 


5.701.43 


8.56 


2.14 


11.402.86 


17.4418.8017.12 


21.91 
25.04 
28.18 
31.31 


14.27 


19.97 


3.56 
4.28 
4.99 


22.805.72 
25.696.42 
28.547.13 


triple  ob- 
ject glasses. 


TABLE  11. 


Talle  of  the  Radii  of  Curvature  of  the  Lenses  of  a  Triple  jfcb* 
romatic  Object  Glass,  according  to  Euler*s  second  Formula, 


Focal 
lenth 


Inch. 


6 
9 
12 
18 
24 
30 
36 
42 
48 
54 
60 


Convex  lens  of 
Crown  Glass. 


Inches. 


Inches. 


1.70 

2.55 

3.40 

5.09 

6.80 

8.49 

10.19 

11.89 

13.60 

15,27 

16.97 


Concave  lens  of 
Flint  Glass. 


Inches. 


Inches. 


12.44 

18.66 

24.87 
37.31 

49.74 
62.19 
74.63 

87.07 

99.48 

111.93 


12.88 
19.31 
25.75 
38.63 
51.50 
64.38 
77.26 


Convex  lens  of 
Crown  Glass. 


SemiA- 
perture. 


Inches.     Inches. 


1.77   3.56    15.00 


.mi 
L69 


90. 1 4 1 2,40  24.93 1 05.03 


103.02 
116.87 


124.97128.75 


2.66 
3.55 
5.3210 
7.1014.25 
8.86 17.81 
10.6321.37 


5.34   22.51 

7.13i  30.01 

45.01 


Inches. 


14.17 

15.96 


28.49 


17.7335.63 


0.42 
0.64 
0.^5 
1.27 


60.021.70 


75.02 


90.02^.54 


1 20.08 


32.07135.04 


i  50.04 


2.1*1 


2.96 
8.39 
3.82 
4.24 
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The  only  person  in  our  country  who  has  writ- 
ten upon  the  theory  of  achromatic  object  glasses, 
IS  the  late  learned  Dn  Robison  of  Edinburgh, 
who,  following  the  steps  of  Clairaut  and  Bos- 
covich,  has  given  an  interesting  dissertation  upon 
this  subject.^  From  the  formulae  contained  in 
that  dissertation,  the  following  table  is  computed. 

TABLE  IIL^ 

Tahk  of  the  Radii  of  Curvature  of  the  Lenses  of  a  Trifk 

Object  Glass. 


Focal 

Convex  leiM  of 

Convex  lent  of 

Convex  lens  of 

length. 

Crown  glau. 

Flint  gla$a. 

Crown  glait. 

Inches- 

Inchet.  1  Incher. 

Inchet. 

Inchet. 

Inchet. 

Inches. 

6 

4.54 

3.03 

3.03 

6.36 

6.36 

0.64 

9 

6.83 

4.56 

4.56 

9.54 

9.54 

0.92 

12 

9.25 

6.17 

6.17 

12.75 

12.75 

1.28 

18 

13.67 

9.12 

9.12 

19.08 

19.08 

1.92 

24 

18.33 

12.25 

12.25 

25.50 

25.50 

2.56 

30 

22.71 

15.16 

15.16 

31.79 

31.79 

3.20 

36 

27.33 

18.25 

18.25 

38.17 

38.17 

3.84 

42 

31.87 

21.28 

21.28 

44.53 

44.53 

4.48 

48 

36.42 

24.33 

24.33 

50.92 

50.92 

15.12 

54 

40.96 

27.36 

27.36 

57.28 

57.28 

5.76 

60 

45.42  30.33 

30.33 

63.58 

63.58  6.   4 

The  reader  will  observe,  that  only  three  pair 
of  grinding  tools  are  necessary  for  constructing 
a  telescope  according  to  the  preceding  table ;  but 
the  work  may  be  performed  by  only  two  grind- 
ing tools,  if  we  employ  the  radii  of  curvature, 

^  Article  Telescope,  Encyclopzdia  Bncannica,  vol.  xviii, 
p.  338. 

•  A  telescope  30  inches  in  focal  length,  constructed  ac- 
cording to  this  uble,  bore  an  aperture  oi  3f  uichcs* 
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which  are  contained  in  the  following  table,  com- 
puted from  the  formulae  of  Boscovich. 


TABLE  IT. 


Focal 
lenjfrth. 

Radu  of  the  four  surfaces  of  the 
two  lenses  of  Criiwn  glass. 

Radius  of  the  two  surfacea 
of  the  concaTe  lens  of 
Flint  ((last. 

Inches. ' 

Inches. 

loch«>- 

6 

3.84 

3.17 

9 

5.76 

4.75 

12 

T     7.68 

6.34 

18 

11.52 

9.50 

24 

15.36 

12.68 

30 

19.20 

15.84 

36 

23.04 

19.00 

42 

26.88 

23.17 

48 

30.72 

25.36 

54 

34.66 

28.51 

60 

38.40 

31.68            1 

TABLE  r. 

The  RaJii  of  Curvature  employed  h  the  London  Opticians  are 
pretty  nearly  represented  in  the  foUowing  Tahle,  which  ie  cal^ 
eulaSedfrom  Dr.  RoUton^t  Meaeurements. 


Focal 
len^. 

Convex  lens  of 
Crown  glaso. 

Radius  of  bocti  tnc  su.  - 
faces  of  the  concave 
lens  of  Flint  friass. 

Convex  lens  of 
Crown  plas^. 

Inches. 

Inches 

Inches. 

Inches. 

•nches. 

Inches* 

6 

3.77    4.49 

3.47 

3.77 

4.49 

9 

5.65 

6.74 

5.21 

5.65 

6.74 

12 

7.54 

8.99 

6.95 

7.54 

8.99 

18 

11.30  13.48 

10.42 

11.30 

13.48 

24 

15.08  17.98 

13.90 

15.08 

17.98 

30 

1 8.34  22.47 

17.37 

18.34 

22.47 

36 

22.61  26.96 

20.84 

22.61 

26.96 

42 

26.38  31.45 

24.31 

26.38 

31.45 

48 

30.16  35.96 

27.80 

30.16 

35.96 

54  !  33.91  40.45 

31.27 

33,91 

40.45 

60  ,  37.68  44.94 

34.74 

37.68 

44.94 

Vol.  II, 


434  OPTICS. 

Radu  of  Two  of  DoUond's  best  achromatic  telescopes 
MtoU^ft>eing  examined,  were  foimd  to  have  their  lenses 
tcic»coj)cs.  of  the  following  curvatures,  reckoning  from  the 
surface  next  the  object.  Crown  glass  lens,  28 
inches  and  40.  Concave  lens  20.9  inches,  and 
28.  Crown  glass  lens  28.4,  and  28.4.  The  focal 
length  of  the  compound  object-glass  was  46  inches. 
In  the  other  telescope,  whose  focal  length  was  46.S 
inches,  the  curvature  of  the  l"  lens  was  28  aid 
35.5  inches;  the  2"*  lens  21.1  and  25.75;  and 
the  S^  28  and  28.  Both  these  telescopes  mag- 
nified from  100  to  200  times,  according  to  the 
powers  applied. 

The  due  de  Chaulnes  having  in  his  possesion 
one  of  DoUond's  best  telescopes,  whose  focal 
length  was  3  feet  5  inches  4.25  lines,  made  a  va- 
riety of  accurate  experiments  in  order  to  deter- 
mine the  curvature,  thickness,  and  distance,  of 
its  lenses,  and  found  them  to  be  of  the  following 
dimensions.^  Radius  of  the  1'^  surface,  or  the 
surface  next  the  object,  25  inches  11.5  lines. 
Radius  of  the  Q,^  surface  32  inches  8  lines.  Ra- 
dius of  the  3"*  surface  17  inches  10  lines.  Ra- 
dius of  the  4^*^  surface  247  inches.  Radius  of 
the  5'**  24t  inches ;  and  the  radius  of  the  6'**  26 
inches  and  10.6  lines.  Thickness  of  the  first 
lens  at  its  axis  2. 1 1  lines ;  thickness  of  the  2^ 
1.59  lines;  thickness  of  the  3<i  2.18;  and  the 
thickness  of  the  whole  lens  5.91  lines.^ 

A  very  excellent  telescope,  with  a  double 
achromatic  object  glass,  was  constructed  by  M. 
Antheaulme  in  1 763,  from  the  formulae  of  Clair* 


'  These  experiments  are  detailed  at  great  length  in  the 
Mem.  dc  TAcad.  Paris,  1767,  4%  p.  423. 

^  For  the  dimensions  of  the  eye  piece  of  this  telescope^ 
see  the  article  on  jtcbnmatk  EycfUeaf  p*  458. 
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aut.  The  lens  of  flint  glass  was  placed  next  the 
object,  and  was  a  meniscus  with  its  convex  side 
outwards.  The  radius  of  its  concavity  was  1 T^ 
inches,  and  the  radius  of  its  convex  side  was  7 
feet  6y  inches.  The  interior  surface  of  the  lens 
of  crown  glass  had  a  radius  of  1 8  inches,  while 
its  exterior  surface,  or  that  next  the  eye,  was  7 
feet  6  inches.  These  lenses  were  separated  by  a 
piece  of  card,  and  formed  a  compound  object  glass, 
with  a  focal  length  of  7  feet,  and  an  aperture  of 
3  inches  and  4  lines.  Its  eye-piece  consisted  of 
two  lenses.  That  next  the  object  was  a  double  con- 
vex lens  with  1 8  lines  of  focal  length,  and  9  lines 
of  aperture.  Its  first  surface,  or  that  next  the  ob- 
ject glass,  had  a  radius  of  llj-  lines,  and  its  se- 
cond surface  a  radius  of  7  inches  2  lines.  The 
second  eye-glass,  which  was  a  meniscus,  had  5 
lines  of  focus  and  2  lines  of  aperture.  The  ra- 
dius of  its  convex  surface  was  2j  lines,  and  that 
of  its  concave  surface,  which  was  next  the  eye, 
was  8  lines.  The  distance  between  the  two  eye- 
glasses was  9  lines. 
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Tables  for  Double  Achromatic  Object  Glasses. 

Ta&Wfor      The  following  table,  calculated  from  the  for- 
***  /^  mulae  of  Boscovich,  contains  the  radii  of  cur- 
^^^       vature  for  the  lenses  of  a  double  achromatic  ob* 
^evt  giass*^ 


■ 

n«  of  Crown 

VI. 

"Fool 

CemresLe 

CoDcare  Len*  of  Flint       | 

leoph. 
Inche* 

Glav 

GU-.                    1 

Inches. 

Inchet. 

Incbet. 

Inche» 

6 

1.94 

1.91 

1.91 

9.49 

9 

2.91 

2.86 

2.86 

14.24 

12 

S.88 

8.82 

3.82 

18.99 

18 

6.82 

5  73 

5.73 

28.48 

24 

7.76 

7.63 

7.63 

36.99 

SO 

9.70 

9.54 

9.54 

47.47 

S6 

11.64 

1 ;  .45 

11.45 

5o.5f7 

42 

13.58 

13.36 

13.36 

6o.4b 

48 

15.51 

1 .5.27 

1.>.27 

73.98 

54 

17.45 

17.17 

17.17 

85.47 

60 

19.39 

19.08 

1 9.08 

94.95 

70 

22.62 

22.-26 

22.26 

1 J  0.77 

80 

25.86 

25.44 

2.5.44 

126.60 

90 

29.09 

2S.62 

28.62 

1 42. 1-2 

100 

32.32 

31.80 

31.80 

1 58.25 

In  the  following  table,  calculated  from  Dr. 
Robison's  measurements,  the  reader  will  find 
the  radii  of  curvature  which  are  employed  by  the 
London  artists  in  the  construction  of  the  double 
achromatic  object  glass. 
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TABOE  I 

viL, 

ToeJ 

leDgth. 

Co  ivr.'.  Lent  of  Crown 
Olao. 

CoocaTe  Laa  of  Flint 
OImi. 

Iodic*. 

iDche*. 

IncbM. 

lochca. 

Inchet. 

6 

1.76 

2.12     1 

2.07 

6.88 

9 

2.64 

3.17 

3.10 

10.33 

12 

S.5S 

4.23 

4.13 

13.77 

18 

5.19 

6.35 

6.20 

20.65 

24 

7.05 

».46 

8.26 

27.54 

SO 

8.81 

10.58 

10.33 

34.42 

S6 

10.58 

12.6:* 

1 2.39 

41.30 

42 

12  34 

14.81 

14.46 

48.18 

48 

14.11 

lh.92 

16.52 

55.07 

54 

15.87 

19.04 

18.59 

6  .96 

60 

17.63 

21.16 

20.66 

68.84 

70 

20.57 

24  68 

24.10 

80.32 

80 

23.50 

28.21 

27.54 

91.79 

90 

26.44 

31.73 

S0..>9 

103.27 

100 

29.38 

! 

35.26 

S4.4S 

1 14.74 

Although  it  has  been  the  practice  in  this  coun-  table  for 
try  to  construct  only  double  and  triple  achroma-  qn^idruple 
tic  object  glasses,  yet  they  may  be  composed  ^Jl^ 
even  of  four  or  five  lenses,  the  convex  ones  of 
crown  glass,  and  the  ccmcave  ones  of  flint  glass 
being  placed  in  an  alternate  order.      By  aug-> 
men  ting  the  nuniber  of  media,  indeed ,  a  quan-> 
tity  of  light  must  be  lost,  and  the  labour  of  the 
artist  greatly  increased ;  but  M.  Jeaurat  informs 


^  In  this  and  thr  sis  preceding  tables*  the  sine  of  inci* 
den  e  is  supposed  to  be  to  the  sine  of  refraction  as  1 .526 
to  1  in  the  crown  glass,  and  as  1 0(^04  to  i  in  thefl  nt  J  ss; 
and  the  ratio  of  the  differences  of  the  sines  of  the  extreme 
rays  in  the  crown  and  iiint  glass  0.0<  54* 

£e  3 
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US,  that  he  constructed  a  compound  object  glass 
5  mches  and  10  lines  in  focal  length,  which  bore 
an  aperture  of  I-7  inches,  while  the  best  achro- 
matic telescopes  of  6  inches  focus,  constructed 
in  England,  had  an  aperture  only  of  an  inch  and 
a  quarter.  To  such,  therefore,  as  wish  to  con- 
struct object  glasses  of  this  description,  the  fol- 
lowing table,  containing  their  radii  of  curvature, 
may  probably  be  acceptable. 


TABLH  VTII.' 

» 

Foulleagthof 
the  compound 
object  glats. 

Radiuiof  theiix 
interior  surface*. 

• 

Radina  of  the  two 
exterior  rarfacei. 

Aperture  of  the 
object  glass- 

Feet. 

lochet 

Feet  Inch  Dec. 

Feet. 

Inch  Dec 

loch.  Dec. 

0 

4 

0 

3.08 

0 

3.58 

1.25 

0 

6 

0 

4.50 

0 

5.33 

1.50 

0 

8 

0 

5.92 

0 

7.08 

1.83 

0 

10 

0 

7.33 

0 

8.83 

2.17 

1 

0 

0 

8.83 

0 

10.58 

2.25 

2 

0 

1 

5.33 

1 

9.17 

2.58 

3 

0 

2 

1.83 

2 

7.67 

2.92 

4 

0 

2 

4.42 

3 

6.25 

3.25 

5 

0 

3 

6.92 

4 

4.75 

3.58 

6 

0 

4 

.3.50 

5 

3.33 

3.92 

7 

0 

5 

aoo 

6 

1.83 

4.17 

8 

0 

5 

8.58 

7 

0.42 

4.50 

9 

0 

6 

5.08 

7 

11.00 

4.8S 

10 

0 

7 

1.58        8 

9.50 

5.17 

inthc'co"      Though  it  is  demonstrable  that  a  telescope 
•troction  of  constructed  according  to  the  preceding  tables, 

achromatic 

telescopes.    -—--—-—-—-----------——-—-—---—--——--— —^——— 

^  This  table  supposes  that  the  mean  refraction  of  the 
crown  glass  is  to  that  of  the  flint  glass  as  1000  to  1045f 
and  th^  dispersive  powers  as  200  (o  353. 
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and  formed  of  glass,  whose  refractive  and  dis- 
persive power  is  similar  to  that  which  was  em* 
ployed  in  the  formulae  upon  which  these  tables 
are  founded,  wUl  form  an  image  perfectly  dis. 
tinct  and  colourless ;  yet  it  is  so  difficult  to  pro*- 
cure  flint  glass  of  the  same  refractive  and  dis- 
persive power,  that  it  is  almost  imposaibie  for  a 
private  individual  to  succeed,  even  after  several 
trials.     The  London  opticians  have  always  at 
hand  a  number  of  lenses  of  various  curvatures, 
and  different  powers  of  refraction  and  disper* 
sion,  and  by  selecting  such  as  answer  best  up^ 
on  trial,  they  are  enabled,  without  much  trouble, 
to  construct  an  object  glass  in  which  the  sphe- 
rical and  chromatic  aberrations  are  almost  wholly 
corrected.     Those,  therefore,  who  are  not  fur- 
nished with  a  sufficient  i^umber  of  lenses,  must 
necessarily^niQet  with  ft^uent  disappbintments 
in  their  attempts  to  c^struct  achromatic  tele- 
scopes; and  the  only)  way  of  preventing  these 
disappointments,  and  rendering  success  more  cer- 
tain, is,^o  have  it' variety  o^'^alA^,  whiehi  being 
founded  ioii  different  -cotfditiotis,  givd (different 
curvaturesUo -the*  leilise4i>''  If  t\SJ&  artist  should  be 
unsuccess&l^  either  fiiom  the  nature-' <»f' the  re- 
'  fracting  media  whicb  hg^  employs^vor  from  giving 
the  lenses  a  greater  or  lesser  curvature' th^th^ 
table  requires,  he  may,  with  very  little  trouble, 
sometimes  with  altenng  tkfi  ramus  hf  a  single 
surface,  ad^pt  the  lenses  .to  the  .  conditions  of 
some  other  table,  and  ui  Vll  jxrobaHility  obtain  a 
more  favourable  result,  n  With  the  view  of  fiaici- 
litating  these  attempt*,*  we  have  computed  the 
eight  preceding  tables, .  and.  for  the  same  purpose 
we  shall  subjoin  the  following  different  forms  of 
achromatic  object  ^^iaiRsTes  from  Boscovich  and 
JUugel. 


'  I 


« 
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In  these  forms  a  represents  the  first  surfiiGe 
of  the  compound  lens,  or  that  which  is  next  the 
object,  b  the  second  suriace>  a'  the  third,  b'  the 
fourth,  a[  the  fifidi,  and  b"  the  sixth ;  Oy  bj  a V  b" 
representbg  the  radii  of  curvature  for  the  con- 
vex lenses  of  crown  glass,  and  a ,  U  the  curva- 
ture of  the  concave  lens  of  flint  glass.  The  focal 
distance  of  the  first  lens,  or  that  whose  surfaces 
are  marked  a,  &,  is  represented  by  at,  that  of  the 
second  by  y^  and  that  of  the  third  by  z,  while 
the  focal  length  of  the  compound  lens  is  distin- 
guished by  the  letter  F. 


FORMS  FOR  TRJPLB  OBJECT  QLASSES. 

Forms  for  gr-<:r<<^=»=:0.64l2  x=zO.GOQ6 

ttipkob-  V=0.5227  ^:r  0.4384 

jectgltM.  l^sO.0a^  %ss0.60g6 

Fszl 

In  this  form  the  two  lenaes  of  crown  glass  are 
isosceles,^  and  have  the  ssgne  curvature  and  fo- 
cal distance.  The  middle  leAs  of  fljbt  glass  is 
nearly  isosceles,  and  may  be  made  so  in  practice, 
so  that  only  two  grinding  tools  are  necessary  for 
this  form.    . 


I  • 


II.  The  tzDofrst  Lenses  Isosceles. 


^zks(f^'  =0.530  «r=:a5038 

afzsi.^lS  jr=0.4388 

rasa304a  msiO.7727 

Fs:l 


^  A  lens  it  called  Aiorrr&iiiriicaboUiitiiuifiicet  have  the 
same  conrature. 
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III«  Thefrst  and  third  Lenses  Isosccks. 

tf' =0.6356         Fzzl 
r  =0.37^0' 

IV.  The  twojirst  Lenses  Isosceles. 

fl  =0.3514  fel 

V.  Hie  second  and  third  Lenses  Isosceles. 

«=:0.572l 

fe  1.8744 

ifs:5*=:i^=*"=0.4748 

VI.  All  the  three  Lenses  Isosceles. 

assbzzO.79^ 
ttrsiif  =0.4748 

«"=4"ssa5023 

VII.  Second  Lens  Isosceles  j  the  first  end  third  cf  equal 
focal  Lengthy  but  placed  in  an  inverse  Oraer. 

11=^=0.7306 

tf  =**  =0  4748 
11**=*  =0.5325 

VHi.  Second  Lens  Isosceles^  the  first  and  third  of 
equal  focal  Lengthy  and  placed  tit  a  cSrect  Order. 

<i=fl*'=0.7048 
/=*"=0.547l 
#=^=0.4748.* 


■^  In  these  two  forms  the  refractive  and  dispersive  power 
•f  the  glass  is  supposed  the  same  as  in  the  note  on  p.  437* 

^  In  the  preceding  forms,  which  are  calculated  from  the 
formulae  of  Boscovich,  the  sine  of  incidence  is  to  the  sine 
of  refraction  as  1.527  to  1  in  the  crown  glass,  and  as  1.575 
to  1  in  the  flint  glass,  and  the  ratio  of  the  differences  of 
the  sines  of  the  extreme  rays  0.6486* 
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FORMS  FOR  DOUBLE  OBJECT  GLASSES. 

I.  First  Lens  Isqsecles. 

a=h=0.32O6         x=:0.34O8 
Formi  for  ii^=0^201         jf=0.4384 

I™**^^**'  ^  =  1.533  Fzzl. 

ject  gusset. 

11. 

a  =  6943  Diftt  between 
^=22712    the'  lenses    =:    100 
tf'sz  14750  Aperture     =      3000 
^'rs  1 8383  Thickness  of  the 
«=  10000   convex  lens   =    250 
j=i4080  Thickness  of  the 
jp=32024  concave  lens  zz  100 

UV   ,      . 

ii=  2168  Dista  betwe^ 
b=z  7092:  the    lenses ^  =    31 
a=  4506  ^Aperture  >     *x      9^7 
^=  5740  Thickness  of  the 
•     •    acs^  3r23vconvex   le^s    =    79 
jr=  4397. Thickness  pf  the 
/*=  10000    cpi\cave  lens    =31 

Method  of  In  making  use  of  the  preceding  fonns,  we 
^^J^  have  only  to  fix  on  the  focal  length  which  we 
intend  to  give  to  the  object  glass,  and  multiply 
the  different  numbers  by  this  focal  length,  ex- 
pressed in  feet  or  inches,  and  the  result  will  be 
the  proper  radii  of  curvature  iii  feet  or  inches. 
Thus,  let  it  be  required  to  construct  a  double 
achromatic  object  glass  according  to  the  first  of 
these  forms,  whose  focal  length  shall  be  20  inches, 
we  shall  have 


'  This  and  the  prf  ceding  form  are  calculated  from  KIu- 
gcl,  and  suited  to  glass,  with  nearly  the  same  refiracttve 
and  dispersive  powers  as  that  mentioned  in  the  preceding 
note. 


r 
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a  =fc=20xa3206=6  inches  and  ^  nearly; 

a'=20X0.S201  =6  inches  and  -^  nearly ;  * 

b'=2Oxl*553z=S0  inches  and  ^  nearly  ; 

37=20X0.3408=6  inches  and  ^  nearly ; 

y  =20x0,4384=8  inches  and  ^  nearly ;    ' 

and  F=20X  l  =20  inches. 
Achromatic  object  glasses  may  be  much  im-  Mctho4  of 
proved  by  interposing  pure  turpentine  varnish  JJ^^^ 
between  the  concave  and  convex  lenses.    By  this  object 
means  the  reflection  from  the  internal  surfaces  is'**"^ 
removed,  and  that  loss  of  light  prevented  which  ^. 

arises  from-  an  imperfect  poUsh  of  the  surfaces. 
M.  Putois,  an  optical  instrument  maker  in  Parirf, 
IS  said  to  have  discovered  that  the  best  medium 
for  this  purpose  is  masdch,*  a  transparent  resiik 
ous  substance,  which  is  exuded  from  the  lentisr 
cus  tree  in  the  island  of  Chio,  and  brought  te 
this  country  in  grains  or  tears.  ^ 

Achromatic  telescopes  have  also  been  cotfi -^f'*'^^*'^'*^ 
structed,  by  substituting  transparent  fluids  in^wi^Tflud 
stead  of  the  concave  lens  of  flint  glass.     For  this  ®^i«^' 
discovery  we  are  indebted  to  the  ingenious  Dr.  ^     ** 
Robert  Blair,  who  has  given  ah  account  of  his 
experiments  in  the  3**  volume  of  the  Transaction^ 
of  the  Royal  Society  of  Edinburgh,  to  which  we 
must  refer  the  reader,  after  giving  a  descriptioA 
of  one  of  these  fluid  object  glasses. 

If  pure  spirit  of  turpentine  be  interposed  be^ 
tween  two  convex  lenses  of  crown  glass,  having 
the  radii  of  their  surfaces  as  6  to  1  with  the  most 
convex  sides  turned  inwards,  the  image  formed 
by  this  combination  will  be  perfectly  achromatic. 
The  spirit  of  turpentine  has  the  form  of  a  double 


*  Traite  Eletncntaire  de  Physique  par  Brisson,  torn,  ii, 
$  \657,  p.  428. 
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concave  lens,  and  as  its  refractive  and  disperdve 
powers  differ  from  those  of  crown  glass,  it  will 
act  in  every  respect  like  a  lens  of  flint  glass. 
A  few  years  ago  I  constructed  an  object  glass  of 
this  kind,  having  36  inches  of  focal  length,  but 
found  it  troublesome  to  keep  it  in  order. 


On  Achromatic  Eye  Pieces. 

Aehromttie     Although  a  brief  accou'»t  of  the  achromatic 
je  pieces,  jgj^g^^p^   jj^g   been  given  by  those  who  have 

written  upon  optics,  since  the  invention  of  that 
instrument,  yet  these  authors  have  unaccountably 
overlooked  the  construction  of  achromatic  eye 
pieces.     Dr.  Hobison,  indeed,  has  treated  this 
subj  ct  at  considerable  length,  after  Boscovicb, 
but  has  furnished  almost  no  information  to  the 
practical  optician.     On   this  account,   with  the 
Italian  philosopher  as  our  guide,  we  shall  dwell 
a  little  1  nger  upon  this  point,  than  u  hat  might 
othe)*wise  be  thought  necessary  in  a-  work  like 
ours.     In  order  to  correct  the  error  arising  from 
the  inequal  refrangibility  of  light  in  the  e v e  pi. ces 
of  telescopes,  we  are  nor  under  the  ne  cessity  of 
using  compound  L  uses  oi  crown  and  flint  <:  lass,  as 
this  species  of  aberration  can  be  completely  re- 
moved by  a  particular  arrangement  of  the  tyc 
glasses  which  are  employed  for  erecting  thi-  ob  j.ct. 
Method  of      Xhis  will  appear  from  fig.  7  of  1  la  e  XIV, 
Srch?Mtu  where  jiB  is  an  achromatic  obj  ct  glass,  and 
tic  ii'»erra.  £)£  an  eye-pi^^cc  of  the  kind  mentioned  in  p. 
««kIc'      ^^1»     Let  CDE  be  the  axis  of  the  t^  lescc  pe, 
Unir*.       and  57' a  ray  passing  through  the  object  glass 
xivy      '^^'     As  the  object  glass  is  achromatic,  this  ray 
Fig.;.       will  fall  upon  the  cye-gltss  D,  without  bring  de- 
composed into  the  prismatic  colours,   through 
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whatever  part  of  the  lens  it  is  transmitted.  The 
eye-glas-s  D,  however,  will  .separate  the  ray  ST 
into  Its  component  colours,  and  the  red  part  of 
the  ray  will  be  bent  into  the  direction  7  A,  and 
the  violet  part  into  the  ilirecrion  7 'A".  But  when 
the  sec(  nd  1  ns  is  interposed,  it  will  intercept  the 
red  ray  at  thi*  point  ttz,  and  the  violet  ray  at  the 
point  n  of  its  anterior  surface  Now  as  the  red 
ray  Tm  enters  the  1  ns  E  at  a  point  m,  farther 
from  he  axis  than  the  violet  ray,  and  as  the  re* 
fiacting  angle  of  the  lens  is  greater  at  m  than  at 
n,  this  mcrease  of  the  ref  acting  angle  for  the  red 
ray  will  make  up  for  its  inferior  refrangibility^ 
and  the  rays  7'm,  7  n,  will  ^  merge  parallel  from 
the  lens  ^  in  thedir  ctitm  m  r,  nv.  The  chro- 
matic aberration,  therefore,  w  hich  is  always  pro- 
portional to  the.  angle  formed  by  the  n sul'ing 
rays  m  r,  n t;,  vnll  b  destroyed,  —In  small  pOi  ket 
telescopes,  as  opera  glasses,  &c.  where  it  would 
be  very  mconvenient  to  apply  a  loi)g  eye  pi'*ce, 
compound  lenses  of  crown  and  flii.t  ^lass  should 
be  adopted,  and  may  consist  either  of  tv»o  or 
three  glasses,  with  the  foUowmg  curvatures. 


JVSMS  FOR  A  DOUBLE  EVE  GLASS.  p^,^,  f^ 

I.   Both  Lenses  Isosrtfes^  eve-tf!;Mei 

«=   =0320  x=0.304 


eye-v 
of  crowa 


II.  First  Lens  Isosceles* 

tfCif =5=0  320  »=0  304 

^'=1.517  ^=0.436 


*  The  Irttcrs  a,  4,  jv,  y,  ftc.  repretcflt  the  lame  qnanti* 
ties  M  la  p»ge  440. 
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FORMS  FOR  A  TRIPLE  EYE  GLJ8S. 

I.  All  the  three  Lenses  Isosceles* 

a=b'  =0.529  ^=0.438 

II.  first  Lens  Isosceles. 

fl=r=0.8I0  «=x=0.e08 

^=tf*=3=:tf  1=0.529  jr=0.438 

« 

If  It  is  required  to  erect  the  object  as  in  the 
Galilean  telescope,  the  middle  lens  of  flint  glass 
must  be  made  convex,  and  the  other  lenses  con- 
cave, but  with  the  same  radii  of  curvature,  so 
that  the  concavity  of  the  compound  lens  may 
predominate. 


On  Eye  Pieces  with  three  Lenses,  which  remwe 
the  Chromatic  Aberration. 

Eyepieces      The  three  lenses  must  be  made  of  the  same 
wiA  three  jjjjj J  Qf  glass,  and  may  be  of  any  focal  length. 

'  The  distance  between  the  first  and  second,  or 
the  two  next  the  object,  must  be  equal  to  the 
sum  of  their  focal  distances,  and  the  distance 
between  the  second  and  third  must  exceed  the 
sum  of  their  focal  distances,  by  a  quantity  which 
is  a  third  proportional  to  the  distance  between 
the  first  and  second,  and  the  focal  length  of  the 
second  lens  ;  or,  in  other  words,  the  distance  be- 
tween the  second  and  third  lenses  must  be  equal 
to  the  sum  of  their  focal  distances,  added  to  the 
quotient  arising  from  the  square  of  the  focal  dis- 
tance of  the  second  lens,  divided  by  the  sum  of 
the  focal  distances  of  the  first  and  second.  These, 
and  other  circumstances,  which  should  be  attend- 
ed to  in  the  construction  of  achromatic  eye  pieces. 
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will  be  better  understood  by  e3q)re8sing  them 
algebraically. 

Thus,  let  F  be  the  focal  length  of  the  object 
glass,  and  Xy  y ,  z,  the  focal  distances  of  these  eye 
glasses,  reckoning  from  that  which  is  nearest  the 
object.     Then  we  shall  have 

1 ,  The  distance  between  the  first  and  second  fonn»i« 

1  for  ichro- 

lenses  -  -  A:+^  matk  eye- 

2,  The  distance  between  the  second  piw«^ 


and  third  -  -  ^+^4 


,x 


X% 
MS 


+y 

3,  Distance  of  the  first  lens  from  the 

focus  of  the  object  glass  -  -^ 

4,  Magnifying  power  of  the  eye-piece  -^ 

5,  Focal   distance  of  a  single  lens 
with  the  same  magnifying  power 

6,  Distance  of  the  eye  from   the 
third  lens  -  -  .  z 

7,  Length  of  the  whole  eye-piece      :r-(-3y-(-2z 

8,  Length  ofthe  whole  telescope  i^+x+3y-f-2z 

9,  Aperture  of  the  lenses' a,  a,  d\..d  :^d\a^z — 

1 0,  The  aperture  of  the  diaphragm, 
or  field  bar,  or  m,  should  be  a 

little  less  than         •  -  -  a 

And  should  be  placed  in  the  fo- 
cus of  the  object  glass. 

1 1 ,  The  field  of  view  is  nearly  -  p- 


'  The  apertures  of  the  lenses  may  be  made  equal  to  one 
another,  but  should  never  be  greater  than  half  the  focal 
distance  of  the  third  lens. 
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Although  the  aberration  of  colour  will  be  com-* 
pletely  removed  by  making  the  lenses  of  any  fo- 
cal length,  and  placing  them  at  the  distances  in« 
dicated  by  the  preceding  formulae,  yet  it  is  pre- 
ferable to  make  the  first  and  second  lenses  of  the 
same  focal  length,  and  to  give  the  third  a  less 
focal  distance,  and  make  its  distance  from  the 
second  equal  to  its  own  focal  length,  added  to  I7 
the  focal  distance  of  one  of  the  other  lenses ;  for, 
in  this  case,  where  x  and  y  are  equal,  the  expres- 

sion  -~- ,  which,  when  added  to  y+z,  expresses 

the  distance  between  the  second  and  third  lenses, 
becomes  ^y.  •  Beside  the  simplicity  of  this  com- 
bination,  it  has  another  advantage,  for  the  mag- 
nify ing  power  of  the  eye-piece  is  always  equal  to 
the  magnifying  power  of  the  third  lens.     This  is 

evident  from  the  fifth  formula  — ,  which  becomes 

rrz  when  x  and  y  have  the  same  value.  So  that 
in  this  construction,  when  we  wish  to  give  a  cer- 
tain  magnifying  power  to  a  telescope,  we  have 
only  to  take  such  a  focal  length  for  the  third 
lens  as  will  produce  this  magnifying  power,  and 
make  the  focal  length  of  the  other  two  a  little 
greater  than  that  of  the  third.  By  increasing 
the  focal  lengths  of  the  two  first  lenses,  the  image 
is  not  injured  by  any  particles  of  dust  which  may 
be  lying  on  their  surface,  and  the  spherical  aber- 
ration IS  also  diminished.  By  augmenting  the 
curvature  of  the  third  lens,  however,  we  con- 
tract the  field  of  view,  which  ought,  if  possible. 


*  Since  XZZ9  in  this  case,  -=7-18  =  — =  i-  or  *•  for  if 

/ 
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to  be  avoided.  This  may  be  avoided,  indeed,  as 
Boscovich  has  shewn,  by  making  the  third  lens 
consist  of  two  convex  ones  of  the  same  glass, 
their  surfaces  being  in  contact,  and  their  focal 
lengths  equal.  From  long  experience,  he  found 
that  eye  pieces  of  this  construction  are  superior 
to  all  others,  and  that  the  error  arising  from  the 
spherical  figure  of  the  glass  is  greatly  diminish- 
ed, by  making  all  the  lenses  plano-convex,  and 
turning  the  plain  sides  to  the  eye,  excepting  the 
second  lens,  whose  plane  surface  should  be  turn- 
ed to  the  object.  AH  the  lenses  may  be  made 
of  the  same  focal  length,  and  then  the  distance 
between  the  first  and  second,  and  the  second  and 
third,  will  be  equal  to  the  sum  of  their  focal  dis- 
tances. In  this  case  the  third  and  fourth  lenses, 
which  are  joined  together,  are  considered  as  a 
single  lens,  whose  focal  length  is  equal  to  one 
half  the  focal  length  of  either  of  the  two.  The 
apertures,  too,  may  be  all  equal,  and  the  field 
bar  must  be  a  little  less  than  any  of  the  aper- 
tures. 

In  all  kinds  of  achromatic  eve-pieces  which 
are  composed  of  single  lenses,  flint-glass  should 
be  employed,  because  it  has  the  greatest  refrac- 
tive power,  and  therefore  requires  a  less  curva- 
ture to  have  the  same  focal  distance.  The  spher* 
ical  aberration,  consequently,  which  always  in- 
creases with  the  curvature  of  the  lenses,  will  be 
iess  in  a  flint-glass  eye-piece,  than  in  one  of 
crovm-glass.  Flint-glass,  indeed,  produces  a 
greater  separation  of  colours^  but  the  error  aris- 
ing from  this  cause  is  completely  removed  by 
the  proper  arrangement  of  the  lenses. 


Vol.  11.  F  f 
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On  JEye^Pieces  with  Four  LenseSj  which  remove 
the  Chromatic  Aberration. 

^di^fraT  -^  good  achromatic  eye-piece  may  be  made  or 
leiueiw  four  lenses,  if  their  focal  lengths,  reckoning  from 
that  next  the  object,  be  as  me  numbers  14,  21, 
27,  32,  their  distances  23,  44,  40,  their  aper- 
tures 5.6;  3.4;  13.5;  2.6;  and  the  aperture 
of  the  diaphragm  placed  in  die  anterior  tocus  of 
the  4^**  eye-glass,  7. 

In  one  of  Ramsdai's  small  telescopes,  whose 
object  glass  was  ^  inches  in  focal  length,  and 
its  magni^ing  power  li».4,  the  focal  lengths  of 
the  eye-glasses  were  0.7Y  of  an  inch ;  1.025 ; 
1.0  i ;  0.79,  and  their  respecdye  distances,  reck- 
oning from  that  next  the  object,  were  1.18; 
1.83;  1.10. 

In  the  excellent  telescope  of  DoUond's  con<* 
struction,  which  belonged  to  the  due  de  Chaul«> 
nes,'  the  focal  length  of  the  eye-glasses,  begin- 
ning with  that  next  the  object,  were  14^  lines, 
19,  22^,  14,  their  distances  22.48  lines ;  46.17 ; 
21.45 ;  and  their  thickness  at  the  centre  1.23 
lines ;  1.25 ;  1.47.  The  fourth  lens  was  plano- 
convex, with  the  plane  side  to  the  eye,  and  the 
rest  were  double  convex  lenses. 


On  Achromatic  Eye-Pieces  for  Astronomical 

Telescopes. 

Acfarematic 

cje-piecet       j^  eve-pieces  of  this  kind  which  invert  the 


Aicai  tde-  objcct,  the  focal  length  of  the  first  lens  should 

>  Sec  page  434» 
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be  triple  that  of  the  second,  and  their  distance 
double  the  focal  length  of  the  second,  or  y  of 
the  focal  length  of  the  first.  The  lenses  should 
be  plano-convex,  the  plane  surfaces  turned  to 
the  eye,  in  order  that  the  aberration  of  sphericity 
may  be  diminished  as  much  as  possible.^ 

The  telescope  of  DoUond's,  belonging  to  the 
due  de  Chaulnes,  had  two  astronomical  eye- 
pieces, one  of  which  was  furnished  with  a  mi- 
crometer. In  the  eye-piece  which  carried  the 
micrometer,  the  first  lens  was  12^  lines  in  fotal 
length,  and  1.62  lines  thick;  the  second  was 
5.45  lines  in  focal  length,  and  1.25  thick,  the 
distance  between  their  interior  surfaces  4.20 
lines,  and  the  distance  of  the  first  lens  from  the 
focus  of  the  object  glass  1 3^  lines.  In  the  other 
eye-piece  the  focal  length  of  the  first  lens  was 
8.30  lines,  and  its  thickness  U60 ;  and  the  focal 
length  of  the  second  was  S.53j  and  its  thickness 
0.97  lines.  In  both  these  eye-pieces  the  lenses 
were  plano-convex,  with  the  plane  surfaces  turn- 
ed to  the  eye. 


See  page  444. 
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6k  the  con structidn  of  optical  instruments^ 

WITH  TABLES  OF  THEIR  APERTURES  AND  MAGNI- 
FYING POWERS*  AND  THE  MfcTHOO  OF  GRINDING 
THE  LENSES  AND  SPECULA  OF  WHICH  THET  ARK 
COMPOSED. 


On  tlkC  Method  qf  grinding  and  polishing  Lenses. 

<5n  grind-  Waving  fixed  upon  the  proper  aperture  and 
iDf  leniM.  £^^  distance  of  the  lens,  take  a  piece  of  sheet 
copper,  and  strike  a  fine  arch  upon  its  surface,with 
a  radius  equal  to  the  focal  distance  of  the  lens,  if 
it  is  to  be  equally  convex  on  both  sides ;  or  with 
a  radius  equal  to  half  that  "distance,  if  it  is  to  be 
plano-convex,  and  let  the  length  of  this  arch  be 
a  little  greater  than  the  given  aperture.    Remove 
^MiMitioii  with  a  file  that  part  of  the  copper  which  is  with- 
pg^       out  the  circular  arch,  and  a  convex  gage  will  be 
formed.     Strike  another  arch  with  the  same  ra- 
dius, and  having  removed  that  part  of  the  cop- 
per which  is  within  it,  a  concave  gage  will  be 
obtained.     Prepare  two  circular  plates  of  brass, 
Formadoo  about  —3-  of  an  inch  thick,  and  half  an  inch  great- 
iitite  tools,  gf  ij^  diameter  than  the  breadth  of  the  lens,  and 
solder  them  upon  a  cylinder  of  lead  of  the  samQ 
diameter,  and  about  an  inch  high.    These  tools 
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mre  then  to  be  fixed  upon  a  turning  lathe,  and 
one  of  them  turned  into  a  portion  of  a  concave 
sphere,  so  as  to  suit  the  convex  gage ;  and  the 
other  into  a  portion  of  a  convex  sphere,  so  as  to 
answer  the  concave  gage.  After  the  surfaces 
of  the  brass  plates  are  turned  as  accurately  as 
possible,  they  must  be  ground  upon  one  another 
alternately,  with  flour  emery ;  and  when  the  two 
surfaces  exactly  coincide,  the  grinding  tools  will 
be  ready  for  use. 

Procure  a  piece  of  glass  whose  dispersive  Fonnitioa 
power  is  as  small  as  possible,  if  the  lens  is  not^^^ 
for  achromatic  instruments,  and  whose  sur&ces 
are  parallel ;  and  by  means  of  a  pair  of  large 
scissars  or  pincers,  cut  it  into  a  circular  shape,  so 
that  its  diameter  may  be  a  little  greater  than  the 
required  aperture  ot  the  lens.  When  the  rough- 
ness is  ren^oved  from  its  edges  by  a  common 
grind-stone,'  it  is  to  be  fixed  with  black  pitch  to 
k  wooden  handle  of  a  smaller  diameter  than  the 
glass,  ^d  about  an  inch  high,  so  that  the  centre 
of  the  handle  may  exactly  coincide  with  the 
centre  of  the  glass. 

The  glass  being  thus  prepared,  it  is'  then^«*?»f 
to  be  ground  wi3i  -the  nne  emery  upon  the^"  ^* 
concave  tool,  if  it  is  to  be  convex,  and  upon  the 
convex  tool,  if  it  is  to  be  concave.  To  avoid 
circumlocution,  we  shall  suppose  that  the  lens 
is  to  be  convex.  The  concave  tool,  therefore, 
which  is  to  be  used,  inust  be  firmly  fixed  to  a 


'  When  the  focal  distance  of  the  lens  is  to  be  short,  the 
surface  of  the  piece  of  glass  shoiild  be  gp'ound  upon  a  com- 
mon grindstone,  so  as  to  suit  the  gage  as  nearly  as  pos- 
sible ;  and  the  plates  of  brass,  before  they  are  soldered  on 
the  lead,  should  be  hammered  as  truly  as  they  can  be  done 
into  their  proper  form.  By  this  means  much  hbour  will 
be  saved  both  in  turning  and  grinding. 
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table  or  bench^  and  the  glass  wrought  upon  if 
with  circular  strokes,  so  that  its  centre  may 
never  go  beyond  the  edges  of  the  tool.  For 
every  6  circular  strokes,  the  glass  should  receive 
2  or  3  cross  ones  along  the  diameter  of  the  tool, 
and  in  different  directions.  When  the  glass  has 
received  its  proper  shape,  and  touches  the  tool 
in  every  point  of  its  surface,  which  may  be  ea^y 
known  by  inspection,  the  emery  is  to  be  wash- 
ed away,  and  finer  kinds*  successively  substi- 
tuted in  its  room,  till  by  the  same  alternation  of 
circular  and  transverse  strokes,  all  the  scratches 
and  asperities  are  removed  from  its  surface*  Af- 
ter the  finest  emery  has  been  used,  the  rough- 
ness which  remains  may  be  taken  away,  and  a 
slight  polish  superinduced  by  grinding  th^  glass 
with  pounded  pumice-stone,  in  the  same  manner 
as  before.  While  the  operation  of  grinding  is 
going  qn,  the  convex  tool  should,  at  the  end  of 
every  five  minutes,  be  wrought  upon  the  con- 
cave one  for  a  few  seconds,  in  order  to  preserve 
the  same  curvature  to  the  tools  and  the  glass. 
When  one  side  is  finished  off"  with  the  pumice- 
stone,  the  lens  must  be  separated  from  its  handle 
by  inserting  the  point  of  a  ^nife  between  it  and 
the  pitch,  and  giving  it  a  gentle  stroke.  The 
pitch  which  remains  upon  the  glass  may  be  re- 


*  Emery  of  di^erent  degrees  of  fineness  may  be  made  m 
the  following  manner. — Take  five  or  six  clean  vessels,  and 
having  filled  one  of  them  with  water,  put  into  it  a  consider- 
able quantity  of  flour  emery.  Stir  it  well  with  a  piece 
of  wood,  and  after  standing  for  5  seconds,  pour  the  water 
into  the  second  vessel.  After  it  has  stood  about  12 
seconds,  pour  it  out  of  this  into  a  third  vessel,  and  so  on 
with  the  rest ;  and  at  the  bottom  of  each  vessel  will  be 
found  emery  of  different  degrees  of  fineness,  the  coarsest 
icing  in  the  first  vessel,  and  the  finest  in  the  last. 
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moved  by  rubbing  it  \^ith  a  little  oil,  or  spirits 
of  wine ;  and  after  the  ground  side  of  the  glass 
is  fixed  upon  the  handle,  the  other  sipface  is 
to  be  wrought  and  finished  in  the  ground  and 
manner. 

When  the  glass  is  thus  brought  into  its  proper  Mode  of 
form,  the  next  and  the  most  difficult  part  of  the?^"*^ 
operation  is  to  give  it  a  fine  polish.  The  best,^ 
though  not  the  simplest,  way,  of  doing  this,  is 
to  cover  the  concave  tool  with  a  layer  of.  pitch, 
hardened  by  the  addition  of  a  little  rosin,  to  the 
thickness  of  -^  of  an  inch.  Then  leaving  taken 
a  piece  of  thin  writing  paper,  press  it  upon  the 
surface  of  the  pitch  irith  the  cpnvex  tool,  and 
pull  the  paper  quickly  from  the  pitch  before  it 
has  adhered  to  it ;  aiid  if  the  surface  of  the  pitch  By  mem 
is  marked  everywhere  with  the  lines  of  the  paper,  ^^^'^^'^ 
it  will  be  truly  spherical,  having  coincid^ '  ex^ 
actly  with  the  surfece  of  the  convex  tool.  If 
any  paper  remains  on  the  surface  of  the  pi^ch,  it 
may  be  removed  by  soap  and  wate)* }  and  if  the 
marks  of  the  paper  should  not  appear  on  every 
part  of  it,  the  operadon  must  be  repeated  till  the 
polisher,  or  bed  of  pitch,  is  accurately  spherical. 
The  glass  is  then  to  be  wrought  on  the  polisher 
by  circular  and  pross  strokes,  with  the  oxide  of 
tin,  called  the  flowers  of  putty  in  the  shops,  or 
with  the  red  oxide  of  iron,  otherwise  call^  col- 
cothar  of  vitriol,  till  it  has  received  on  both  sides 
a  complete  polish.^     The  polishing  will  advance 

'  As  colcothar  of  yitr^pl  19  pbti^ned  by  the  decomposi- 
tion of  martial  vitriol,  it  sometimes  retains  a  portion  of 
this  salt.  When  this  portion  of  martial  vitriol  is  decom- 
posed by  dissolution  in  water,  the  yellow  ochre  which  re« 
suits  penetrates  the  glass,  forms  an  incrustation  upon  its 
surface,  and  eives  it  a  dull  and  ycUowish  tinge,  which  i% 
communicated  to  the  image  which  it  forms. 
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slowly  at  first,  but  will  proceed  rapidly  when  the 
polisher  becomes  warm  with  friction.     When 
It  is  nearly  finished,   no  more  putty  or  water 
should  be  put  upon  the  polisher,  which  should 
be  kept  warm  by  breathing  upon  it ;  and  if  the 
glass  moves  with  difficulty,  from  its  adhesion  tp 
the  tool,  it  should  be  quickly  removed,  lest  it 
spoil  the  surface  of  the  pitch.    When  any  par- 
ticles of  dust  or  pitch  indnuate  themselves  be« 
tween  the  glass  and  the  polisher,  which  may  be 
easily  known  from  the  very  unpleasant  manner 
of  working,  they  should  be  carefully  removed) 
by  washing  both  the  polisher  and  the  glass,  other- 
wise  the  lens  will  be  scratched,  and  the  bed  of 
pitch  materially  injured. 
By  means       The  Operation  of  polishing  may  also  be  per« 
of  cloth,     formed  by  covering  the  layer  of  pitch  with  a 
piece  of  cloth,  and  giving  it  a  spherical  form  by 
pressing  it  with  the  convex  tool  when  the  pitch 
is  w^um.     The  glass  is  wrought  as  formerly, 
upon  the  surface  of  the  cloth,  with  putty  or  col- 
cothar  of  vitriol,  till  a  sufficient  polish  is  induced. 
By  this  mode  the  operation  is  sbwer,  and  the 
polish  less  perfect ;  though  it  is  best  fitted  for 
those  who  have  but  little  experience,  and  would 
therefore  be  apt  to  injure  the  figure  of  the  lens 
by  polishing  it  on  a  bed  of  pitch. 

In  this  manner  the  small  lenses  of  simple  and 
compound  microscopes,  the  eye  glasses,  and  the 
object  glasses,  of  telescope^,  are  to  be  ground. 
In  grinding  concave  lenses,  Mr.  Imison*  em- 
ploys leaden  wheels  with  the  same  radius  as  the 
curvature  of  the  lens,  and  with  their  circumfer- 
ences of  the  same  convexity  as  the  lens  is  to  be 
concave.    These  spherical  ^ones  are  fixed  upon 


*  School  of  Arts,  part  li,  p.  145. 
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a  turning  lathe,  and  the  lens,  which  is  held 
steadily  in  the  hand,  is  ground  upon  them  with 
emery,  while  they  are  revolving  on  the  spindle 
of  the  lathe.   *In  the  same  way  convex  lenses 
may  be  ground  and  polished,  by  fixing  the  con- 
cave tool  upon  the  lathe ;   but  these  methods,  improprie. 
however  simple  and  expeditious  they  may  be,5y°^^*°^ 
should  aever  be  adopted  for  forming  the  lenses  a  Uthc 
of  optical  instruments,  where  an  accurate  sphe- 
rical fieure  is  indispensable.     It  is  by  the  hand 
alone  that  we  can  perform  with  accuracy  those 
circular  and  transverse  strokes,  the  proper  union 
of  which  is  essential  to  the  production  of  a  sphe« 
rical  surface. 


On  tJie  Method  of  Casting j  Grinding,  and  Polish^ 
ing  the  Specula  of  Reflecting  Telescopes. 

The  metals  of  reflecting  telescopes  are  gener-  compoii- 
ally  composed  of  32  parts  of  copper,  and  15  of^®°?^** 

'.      •    *^    .  i_  ^t         ij.  .  r      *  *^  r  •     metal 

gram  tm,  with  the  addition  ot  two  parts  of  arsemc, 
to  render  the  composition  more  white  and  com- 
pact. The  reverend  Mr.  Edwards  found,  from 
a  variety  of  experiments,  that  if  one  part  of 
brass,  and  one  of  silver,  be  added  to  the  preced- 
ing composition,  and  •  only  one  part  of  arsenic 
used,  a  most  excellent  metal  will  be  obtained^ 
which  is  the  whitest,  hardest,  and  most  reflec- 
tive, that  he  ever  met  with.  The  superiority  of 
this  composition,  indeed,  has  been  completely 
evinced  by  the  excellence  of  Mr.  Edwards'  te- 
lescopes, which  excel  other  reflectors  in  bright- 
ness and  distinctness,  and  shew  objects  in  their 
natural  colours.  But  as  metals  of  this  compo- 
sition are  extremely  difficult  to  cast,  as  well  as  to 
grind  and  polish,  it  will  be  better  for  those  who 
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are  inexperienced  in  the  art,  to  employ  the  com* 
position  first  mentioned. 
Method  of  After  the  flasks  of  Sand*  are  prepared,  and  a 
"•^8  *^c  mould  made  for  the  metal  by  means  of  a  wood- 
en or  metallic  pattern,  so  that  its  face  may  be 
downwards,  and  a  few  small  holes  left  in  the 
sand  at  its  back,  for  the  free  egress  of  the  in- 
cluded air ; — melt  the  copper  in  a  crucible  by 
itself,  and  when  it  is  reduced  to  a  fluid  state^  fuse 
the  tin  in  a  separate  crucible,  and  mix  it  with 
the  melted  copper,  by  stirring  them  together 
with  a  wooden  spatula.  The  proper  quantity 
of  powdered  arsenic,  wrapt  up  in  a  j»ete  of 
paper,  is  then  to  be  added,  the  operator  retain- 
ing his  breath  till  its  noxious  fumes  are  com- 
pletely dissipated ;  and  when  the  scoria  is  re- 
moved from  the  fluid  mass,  it  is  to  be  poured 
out  as  quickly  a^  possible  }nto  the  flask^.  As 
soon  as  the  metal  is  become  solid,  remove  it 
from  the  sand  into  some  hot  ashes  or  coals,  for 
the  purpose  of  annealing  it,  and  let  it  remain 
^mong  them  till  they  are  completely  cold.  The 
ingate  is  then  to  be  taken  from  the  metal  by 
means  of  a  file,  and  the  surface  of  the  speculum 
must  be  ground  upon  a  common  grindstone,  till 
all  the  imperfections  and  asperities  are  taken 
away.  When  Mn  Edwards^  composition  is  em- 
ployed, the  copper  and  tin  should  be  melted  ac- 
cording to  the  preceding  directions,  and,  when 
mixed  together,  should  be  poured  into  cold  wa^ 
ter,  which  will  separate  the  mass  into  a  number 
of  small  particles.  These  small  pieces  of  metal 
are  then  to  be  collected  and  put  into  the  crucible. 


*  The  finest  sand  which  I  have  met  with  in  this  coun- 
try, is  to  be  found  at  Roxburgh  castle,  in  the  neighbour* 
byopd  of  Kcko. 
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along  with  the  alVer  and  brass  ;  after  they  have 
been  mehed  together  in  a  separate  crucible,  the 
proper  quantity  of  arsenic  is  to  be  added,  apd 
a  little  powdered  rosin  thrown  into  thp  fluid 
metal  bdfore  it  is  poured  into  the  flasks. 
When  the  metsd  is  cast,  and  prepared  by  the  Method  of 
•  common  grindstone  for  receiving  its  proper  figure,  ^^^^ 
the  gages  and  grinding  tools  are  to  be  formed  in  topb,  «^ 
,  the  same  manner  as  for  convex  lenses,  with  this 
difl'erence  only,  that  the  radius  of  the  gages  must 
always  be  double  the  focal  length  of  the  specu- 
lum. In  addition  to  the  convex  and  concave 
brass  tools,  which  should  be  only  a  little  broader 
than  the  metal  itself,  a  convex  elliptical  tool  of 
lead  and  tin  should  also  be  formed  with  the  same 
radius,  so  that  its  transverse  may  be  to  its  cour 
jugate  diameter  as  10  to  9,  the  latter  being  ex- 
actly equal  to  the  diameter  of  the  metal.  On 
this  tool  the  speculum  is  to  be  ground  with  flour 
emery,  in  the  same  manner  as  lenses,  with  cir- 
cular and  cross  strokes  alternately,  till  its  surface 
is  freed  from  every  imperfection,  and  ground  to 
a  spherical  figure.  It  is  then  to  be  wrought  with 
great  circumspection,  on  the  convex  brass  tool, 
with  emery  of  diflferent  degrees  of  fineness,  the 
concave  tool  being  sometimes  ground  upon  the 
convex  one,  to  keep  them  all  of  the  same  radius, 
and  when  every  scratch  and  appearance  of  rough- 
ness is  removed  from  its  sur&ce,  it  will  be  fit 
for  receiving  the  final  polish.  Before  the  spe-  Bed  ©f 
culum  is  brought  to  the  polisher,  it  has  been  the^®"^** 
practice  to  smooth  it  on  a  bed  of  hones,  or  a 
convex  tool  made  of  common  blue  hones.  This 
additional  tool,  indeed,  is  absolutely  necessary, 
when  silver  and  brass  enter  into  the  composition 
of  the  metal,  in  order  to  remove  that  roughness 
which  will  always  remain  after  the  finest  emery 
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has  been  used ;  but  when  these  metals  are  aot 
ingredients  in  the  speculum,  there  is  no  occasion 
for  the  bed  of  hones.  Without  the  intervention 
of  this  tool  I  have  finished  several  specula,  and 
given  them  as  exquisite  a  lustre  as  they  could 
possibly  have  received.  Mr.  Edwards  does  not 
use  any  brass  tools  in  his  process,  but  transfers 
the  metal  from  the  elliptical  leaden  tool  to  the 
bed  of  hones.  By  this  means  the  operation  is 
simplified,  but  we  doubt  much  if  it  is,  in  the 
least  degree  improved.  As  a  bed  of  hones  is 
more  apt  to  change  its  form  than  a  tool  of  brass, 
it  is  certainly  of  great  consequa[ice  that  the  spe- 
culum should  have  as  true  a  figure  as  pos^ble 
before  it  is  brought  to  the  hones ;  and  we  are 
persuaded,  from  experience,  that  this  figure  may 
be  better  communicated  on  a  brass  tool,  which 
can  always  be  kept  at  the  same  curvature  bv  its 
frorresponding  tool,  than  on  an  elliptical  block  of 
lead.  We  are  certain  however,  that  when  the 
speculum  is  required  to  be  of  a  deteiniinate  focal 
length,  this  length  will  be  obtained  more  pre- 
cisely with  the  brass  tools  than  without  them. 
But  Mr.  Edwards  has  observed,  that^ these  tools 
are  not  only  unnecessary,  but  *  really  detriment- 
al.* That  Mr.  Edwards  found  them  unnecessary, 
we  cannot  doubt,  from  the  excellence  of  the  spe- 
cula, which  he  formed  without  their  assistance ; 
but  it  seems  inconceivable  hqw  the  brass  tools 
can  be  in  the  least  degree  detrimental.  If  the 
mirror  is  ground  upon  20  different  tools  before 
it  is  brought  to  the  bed  of  hones,  it  will  receive 
from  the  loSt  of  these  tools  a  certain  figure, 
which  it  would  have  received  even  if  it  had  not 
been  groimd  on  any  of  the  rest ;  and  it  cannot 
be  questioned,  that  a  metal  wrought  upon  a  pair 
of  brass  tools,  is  equally,  if  not  more,  fit  for  th? 
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bed  of  hones,  than  if  it  had  been  ground  merely 
on  a  tool  of  lead. 

When  the  metal  is  ready  for  polishing,  theMediAdof 
elliptical  leaden  tools  is  to  be  covered  with  black  5??^^ 
pitch,  ^  about  •;—  of  an  inch  thick,  and  the  polish- 
er formed  in  the  same  way  as  in  the  case  of  lenses, 
either  with  the  concave  brass  tool,  or  with  the 
metal  itself.  The  colcothar  of  vitriol  should  then 
be  triturated  between  two  surfaces  of  glass,  and 
a  considerable  quantity  of  it  applied  at  first  to 
the  surface  of  the  polisher.  The  speculum  is 
then  to  be  wrought  in  the  usual  way  upon  the 
polishing  tool,  till  it  has  received  a  brilliant  lustre, 
taking  care  to  use  no  more  of  the  colcothar,  if 
it  can  be  avoided,  and  only  a  small  quantity  of  it, 
if  it  should  be  found  necessary.  When  the  metal 
moves  stiffly  on  the  polisher,  and  the  colcothar 
assumes  a  dark  muddy  hue,  the  polish  advances 
with  great  rapidity.  The  tool  will  then  grow 
warm,  and  would  proteibly  stick  to  the  specu- 
lum, if  its  motion  were  discontinued  for  a  mo« 
ment.  At  this  stage  of  the  process,  therefore, 
we  must  proceed  with  great  caution,  breathing 
continually  on  the  polisher,  till  the  friction  is  so 
great  as  to  retard  the  motion  of  the  speculum. 
When  this  happens,  the  metal  is  to  be  slipped 
off  the  tool  at  one  side,  cleaned  with  soft  leather,  - 
and  placed  in  a  tube  for  the  purpose  of  trying 
its  performance ;  and  if  the  polishing  has  beea 
conducted  with  care,  it  wilt  be  found  to  have  a 
true  parabolic  figure. 


^  In  summer,  or  wheo  the  pitch  i«  toft,  if  should  be 
hardened  by  the  addition  of  a  litde  rostn ;  and  should  al» 
ways  be  strained  through  a  piece  of  linen,  ia  order  to  free 
it  from  impurities,  and  rough  particles. 


462  OPTICS. 


ON  MICROSCOPES. 

On  the  Single  Microscope. 

^^^*  In  the  first  volume,  we  have  described  the 
method  of  forming  small  glass  globules  for  the 
magnifiers  of  single  microscopes  ;^  and  have  also 
explained  the  manner  in  which  the  enlarged  pic* 
ture  is  formed  upon  the  retina.  When  the 
lenses  are  made^  either  by  fusion,  or^  which  is 
by  far  the  more  accurate  way,  by  grinding  them 
on  spherical  tools,  they  are  then  to  be  fitted  up 
fer  the  purpose  of  examining  minute  objects* 
The  method  which  Mr«  Wilson  has  adopted  in 
his  pocket  microscope,  is  very  ineenious,  though 
rather  devoid  of  simplicity,  as  it  obliges  us  to 
screw  and  unscrew  the  magnifiers,  when  we  wish 
to  viewthe  object  with  a  larger  or  a  smaller  powen 
The  simplest  and  the  most  convenient  method  of 
mounting  single  microscopes,  is  to  fix  the  lenses 
Flatk  XI,  a,  bj  Cyd,  in  a  flat  circular  piece  of  brass,  C  JD, 
FigM3*  ^hich  can  be  moved  round  /  as  a  centre,  by  the 
action  of  the  endless  screw  ji  jB,  upon  the  tooth* 
ed  circumference  of  the  drcular  plate.  After 
the  object  has  been  viewed  by  some  of  the  mag* 
nifiers,  it  may  be  examined  successively  with  all 
the  rest,  by  a  few  turns  merely  of  the  endless 
screw. 
ittmagni.  In  the  first  volume,  Mr.  Ferguson  has  already 
!^^  shewn  how  to  find  the  magnifying  power  of 
single  microscopes;  but  in  order  to  save  the 
trouble  of  calculation,  we  have  computed  the 
following  new  table  of  the  magnifying  power  of 


'  See  vol.  i,  p.  260,  note  8< 
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convex  lenses,  from  1  inch  to  -p—  of  an  inch  in 
ifbcal  length,  upon  the  supposition  that  the  near- 
est distance  at  which  we  see  distinctly  is  s'even 
inches.  The  first  column  contains  the  focal 
length  of  the  convex  lens  in  ICX)*'*'  of  an  inch< 
The  second  contains  the  number  of  times  which 
such  a  Idis  will  magnify  the  diameters  of  objects. 
The.  third  contain^  the  number  of  times  that  thel 
surface  is  magnified  J  and  the  fourth  the  number 
of  times  that  the  cube  of  the  object  is  magnified. 
-—A  table  of  a  similar  kind,  though  upon  a  much 
smaller  scale,  has  already  been  published  by  Mn 
Barker ;  but  he  supposes  the  nearest  distance  at 
which  the  eye  can  see  distinctly,  to  be  eight 
inches,  which,  I  am  confident  from  experience^ 
is  too  large  an  estimate  Tor  the  generality  of  eyed* 
When  we  consider,  however,  that  the  eye 
examines  very  minute  objects  at  a  less  distance 
than  it  does  objects  of  greater  magnitude ;  we 
will  find  that  the  magnifying  power  of  lenses 
ought  to  be  deduced  from  the  distance  at  which 
the  eye  examines  objects  really  microscopic.  This 
circumstance  has  been  overlooked  by  every  Writei* 
on  optics,  and  merits  our  attentive  consideration* 
I  have  now  before  me  two  specimens  of  engrav- 
ing. The  one  is  so  large  that  I  can  easily  read 
it  at  the  distance  of  10  inches.  The  other, 
which  is  a  watch  paper,  beautifully  engraven  by 
Kirkwood  and  Sons,  contains  the  Lord's  pi^y* 
er  in  a  circular  space  7  of  an  inch  in  diameter, 
and  is  so  exceedingly  minute,  that  I  cannot  read 
it  at  a  distance  exceeding  5  inches.  Now  I  main* 
tain,  that  if  these  two  kinds  of  engraving  are  seen 
through  the  same  microscope,  the  one  will  be  twice 
a$  much  magnified  as  the  other.  This  indeed  id 
obvious,  for  as  the  magnifying  power  of  a  lens 
is  equal  to  the  distance  at  which  the  object  is  ex- 
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ammed  by  the  naked  eye,  divided  by  the  focal 
distance  of  the  lens,  we  shall  have  —  for  the 

M 

number  of  times  that  the  watch  paper  is  magni- 

fied,  and  —  for  the  number  of  times  that  the 

large  engraving  is  magnified,  x  being  the  focal 
length  of  the  lens.  It  follows,  therefore,  that  the 
number  of  times  that  any  lens  magnifies  objects 
really  microscopic,  should  be  determined  by 
makmg  the  distance  at  which  they  are  examined 
by  the  naked  eye  5  inches. 

Upon  this  principle  I  have  computed  Table 
II,  which  contains  the  magnifying  power  of  con- 
vex lenses,  when  employed  to  examine  micro- 
acopic  objects. 
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TABLE  1. 


T^sw  Tables  of  the  Magnifying  Power  of  small  Convex  Lenjes^ 
or  Single  MicroirofeSf  the  distance  at  which  the  eye  s:es  dis' 
tinctly  being  7  inches. 


Focal 

dinance'i 

Number  of  timeiiNuinberoftimei(Number  of  timesj 

of  the  leos  or 

that    the  diameter 
of   an    object  ia 
magnified. 

that  die  <i>i^«oi  that  the  cut*  ot  an 

microtcopc. 

an  object  U  mag-  object    it   magni 
oified.                 Hied. 

ioo»^  of  an 
in  en. 

T,- Dec.  of  a 

^"""-     Time. 

Timei. 

Timei. 

1 

100 

7.00 

49 

343 

-i 

75 

9.33 

87 

810 

— 

50 

14.00 

196 

2744 

-— 

40 

17.50 

306 

5360 

X  o 

30 

23.33 

544 

12698 

a 

X  o 

20 

35.00 

1225 

42875 

•     ^0 

19 

36.84 

1354 

49836 

18 

38.89 

1513 

58864 

17 

41.18 

1697 

69935 

1-6 

43.75 

1910 

83453 

■ 

15 

46.66 

2181 

101848 

14 

50.0O 

2500 

125000 

13 

53.8^ 

2894 

155721 

12 

58.33 

3399 

198156 

1 

11 

63.67 

4045 

257259 

t 
1  o 

10 

7O.0O 

4900 

343000 

t         *    ^^ 

9 

77.78 

6053 

47091 1 

8 

87.50 

7656 

669922 

7 

100.00 
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1000000 

• 

6 

116.66 

13689 

1601613 

t 
*  • 

5 

140.00 

19600 

27440(X) 

1 
TT 

4 

175.00 

30625 

5359375 

3 

233.33 

54289 

12649337 

t 
i  o 

2 

350.00 

122500 

42jP75O0O 

1 

700.00 

490000 

343000000^ 
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TABLE  It. 


A  New  Tabir  of  the  Magnifying  Power  of  Small  Conven 
Lenseif  or  Single  Microscopes ^  the  distance  at  which  the  eye 
sees  distinctly  being  5  incites. 


Focal  Hdittance 

Number  of  time- 

dumber  of  timci 

NamberV>f  timet 

of  the 

lens  or 

that  the  diametn 

that  tlie  nrfau 

that  the  euhe  of  an 

microKopc. 

of   an    object   h 
magnffiexL 

of  an  object  ii 
magnified. 

object   is    magni- 
&ed. 

100''*'"   of  an 
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On  tlie  Double  Microscope* 

The  double  microscope  is  composed  6f  twd  Double  i^- 
convex  lenses  placed  at  any  distance  not  less  than  ^^^^v^- 
the  sum  of  their  focal  lengths  ;  and  a  lens  with 
a  large  aperture  and  focal  distance  is  generally 
fixed  a  lictle  beyond  the  anterior  focus  of  the 
eye-glass,  for  the  purpose  of  enlarging  the  field 
of  view.  As  the  focal  length  of  the  lenses,  as 
well  >as  their  distances,  are  altogether  arbitrary, 
different  opinions  have  been  entertained  respect- 
ing the  most  suitable  values  of  these  quantities. 
I  have  found,  however,  from  experience,  that  a 
good  compound  microscope  may  be  formed  by 
making  the  object  glass  -^  of  an  inch  in  focal 
length,  and  the  eye-glass  1  inch,  their  distance 
being  about  8  inches.  The  amplifying  lens  or 
second  eye-glass  should  generally  be  1-|  inches 
in  diameter,  with  2-7  inches  of  focal  length,  and 
placed  at  1 7  inches  before  the  eye-glass ;  and  the 
aperture  of  the  object  glass  should  not  exceed 
one  tenth  of  an  inch.  If,  however,  we  increase 
the  magnifying  power  of  the  microscope  by  aug- 
menting the  distance  between  the  glass  next  the 
object  and  that  next  the  eye,  we  must  likewise 
enlarge  the  aperture  of  the  object  glass  i  but  if 
we  increase  the  magnifying  power  by  augment-^ 
ing  the  curvature,  or  diminishing  the  focal  length 
of  the  object  glass,  the  aperture  must  be  pro- 
portionally diminished.  The  distance  of  the  eye 
from  the  eye-glass  should  be  equal  to  the  focal 
distance  of  the  latter;  and  the  hole  through 
which  the  rays  are  finally  transmitted  should  not 
exceed  one  seventh  of  an  inch. 

The  method  of  finding  the  magnifying  power  i»  mag- 
of  double  microscopes  when  only  two  lenses  are!^^'^^ 
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employed,  has  been  shewn  in  the  first  volume. 
But  as  an  amplifying  lens,  or  second  eye-glass,  is 
always  used,  we  shall  shew  how  to  determine 
the  magnifying  poXver  of  these  instruments 
when  three  lenses  are  employed.  The  fol- 
Ruic  for  lowinir  rule  we  believe  is  new.  Divide  the  dif- 
nndiBgit.  ference  between  the  distance  of  the  two  first 
lenses,  or  those  next  the  object,  and  the  focal 
distance  of  the  second  or  amplifying  glass,  by  the 
Tocs^l  distance  of  the  second  glass,  ami  the  quo- 
ti^fit  will  be  a  fii^  number.  Square  the  distance 
betwe^  the  two  first  lenses,  and  divide  it  by  the 
difference  between  that  distance  and  the  focal 
distance  of  the  second  glass,  and  divide  this  quo- 
tient by  the  focal  distance  of  the  third  glass,  or 
thstt  next  the  eye,  and  a  second  number  will  be 
had.  Multiply  together  the  first  and  second 
numbers,  and  the  magnifying  power  of  the  ob« 
iect  glass,  and  the  product  will  be  the  magnify- 
mg  power  of  the  compound  microscope. 


ON  TELESCOPES. 

On  the  Refracting  Telescope. 

Rcfricting      Hs^ving  ahready  described  the  natm-e  and  ope- 
teicKopc.   ration  of  refracting  telescopes,  we  have  now  <mly 
to  lay  before  the  reader  a  new  table  of  the  aper- 
tures and  magnifying  powers  of  these  instru- 
ments, more  accurate  we  trust  than  any  which 
has  yet  been  published.     It  is  a  remarkable  cir- 
cumstance, that  the  only  table  of  this  kind  which 
has  appeared,  was  copied  by  succeeding  writers 
Reasons  for  from  Dr.  Smith's  opdcs,  as  the  production  of  the 
inTtabi^^'^*^^^^^^  Huygens,  while  it  was  calculated  only 
by  th^  editors  of  his  dioptrics.    An  excellent 
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telescope  of  Huygens,  indeed,  Was  the  Standard 
upon  which  the  table  was  constructed ;  but  this 
philosopher  informs  us  in  his  Astroscopia  Com^ 
pendiaria^  that  he  had  a  refracting  telescope  with 
an  object  glass  34  feet  in  focal  length,  which,  in 
astronomical  observations,  bore  an  eye-glass  of 
24-  inclies  focal  distance,  and  therefore  magnified 
1 63  times,  which  is  considerably  greater,  in  pro- 
portion, than  the  magnifying  power  of  the  stand- 
ard telescope  upon  which  the  old  table  was 
founded.  Since  the  lenses  of  these  instruments 
therefore  may  now  be  wrought  with  tlie  same 
accuracy  as  in  the  time  of  Huygens,  we  have 
computed  the  following  table  according  to  this 
new  standard,  the  apertures,  magnifying  powers, 
and  the  focal  length  of  the  eye-glass  being  seve- 
rally as  the  square  roots  of  their  focal  lengths. 
As  the  dimensions  of  the  standard  telescope  of 
Huygens  were  taken  in  rhinland  measure,  the 
following  table  is  suited  to  the  same  measure ; 
but  the  second  and  third  columns  may  be  con- 
verted into  English  measure,  by  dividing  them  by 
7,  the  focal  lengths  of  the  object  glasses  being 
supposed  English  feet. 

In  order  to  render  the  common  refracting  te-  Method  of 
lescope  as  perfect  as  possible,  without  J^aking  JJ"^®"^*"?^ 
it  achromatic,  the  exterior  surface  of  the  object  caiabcrra. 
glass  should  be  ground  to  a  radius  equal  to  ^ve^^^ 
ninths  of  its  focal  lengthy  and  the  radius  of  the 
interior  surface,  or  that  next  the  eye,  should  be 
^ve  times  its  focal  length.   In  eye-glasses,  the  ra- 
dius of  the  surface  next  the  object,  should  be 
nine  times  its  focal  distance,  and  that  of  the  sur- 
face next  the  eye,  three  JiftJis  of  the  same  dis- 
tance.    By  this  means,   the  aberration  arising 
from  the  spherical  figure  of  the  lenses  will  be 
nothing  for  objects  placed  in  the  direction  of 
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their  axis,  and  the  least  possible  for  objects  re- 
moved from  the  axis.  According  to  Huygens, 
the  spherical  aberration  was  the  least  possible 
when  the  radii  of  the  surfaces  were  as  6  to  1 : 
But  though  this  be  true  for  objects  placed  in  the 
axis  of  the  lenses,  yet  a  considerable  aberration 
remains  when  the  objects  are  placed  on  one  side 
of  the  axis. 
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ji  New  Table  of  the  Apertures^  Focdhngths^  and  Magnify* 
ing  Power  of  Refracting  TeUscofes. 


Focal  len{rth 
of  the  object 

Linear  aperture 
of    the    object 
glass. 

Focal  diitance  of 
the  cye-glaM. 

Magnifying 
power. 

A  aew 
table  for 
refracting 
telcKopes. 

Feet. 

,    Inch.  Dec. 

Inch.  Dec 

Times. 

1 

0.65 

0.50 

28 

2 

1.03 

0.62 

39 

3 

1.30 

0.75 

48 

4 

1.45 

0.87 

55 

5 

1.61 

1.00 

60 

6 

1.79 

1.07 

67 

7 

1.96 

1.15 

73 

8 

2.14 

1.21 

77 

9 

2.20 

1.^0 

83 

10 

2.32 

1.38 

87 

13 

2.63 

1.58 

99 

15 

2.81 

1.70 

106 

20 

3.31 

1.95 

123 

25 

3.73 

2.15 

139 

30 

4.01 

2.40 

150 

35 

4.34 

2.58 

163 

40 

4.64 

2.76 

174 

45 

4.92 

2.93 

184 

50 

5.20 

3.08 

195 

55 

5.48 

3.22 

205 

60 

5.71 

3.36 

214 

70 

6.16 

3.64 

231 

80 

6.58 

3.90 

246 

90 

7.02 

4.12 

262 

100 

7.39 

4.35 

276 

200 

10.41 

6.17 

389 

300 

12.89 

7.52 

if^ 

400 

14.72 

8.71 

551 

500 

16.52 

9,71 

618 
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On  the  Gregorian  Telescope. 

Gregorian  To  the  observations  already  made  upon  this 
tcieicopc.  instrument,  we  have  only  to  add  a  few  practical 
remarks.  In  order  to  remove  the  tremors  from 
reflecting  telescopes,  the  springs  and  screws 
should  be  taken  away  from  the  back  of  the  spe- 
culum, and  three  small  screws  employed,  which 
pass  through  the  tube  perpendicular  to  its  axis, 
and  touch  the  back  of  the  mirror  merely  with 
their  sides.  As  the  speculum  is  apt  to  bend  when 
it  is  supported  wholly  upon  its  lower  extremity, 
it  should  be  made  to  rest  upon  two  points  45  de- 
grees distant  from  its  lowest  part,  and  on  each 
side  of  it ;  and  if  the  metal  is  wedged  in  at  these 
points  with  bits  of  card,  it  will  be  prevented  from 
falling  backward  or  resting  upon  its  lowest  point. 
.  Some  reflecting  telescopes  may  be  much  impro- 
ved, as  Dr.  Maskelyne  has  shewn,  by  inclining 
the  great  speculum  about  2v  degrees*  to  the  axis 
of  the  tube,  so  that  the  pencils  of  rays  may  fall 
obliquely  on  its  aurfece.  * 

The  diameter  of  the  small  eye  hole  may  be 
found  by  dividing  the  aperture  of  the  telescope 
in  inches  by  its  magnifying  power ;  but  it  is  ge- 
nerally about  -j^  of  an  inch. 

The  following  table,  founded  upon  the  com- 
putations of  Dr.  Smith,  contains  all  the  dimen- 
sions of  Gregorian  telescopes,  and  is  more  com- 
prehensive and  accurate  than  that  which  Mr. 
Edwards  published. 


'  Thit  degree  of  ioclination  gready  improved  the  6  feet 
Newtonian  reflector  in  the  Observatory  of  Greenwich ;  but 
different  specula  will  reqtiire  different  degrees  of  obliquity, 
and  some  may  rather  be  injured  by  such  an  inclination. 

*  These  observations  are  also  applicable  to  the  metals  of 
Cassegrainian  and  Newtonian  telescopes. 
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On  the  Cassegrainian  Telescope. 

^^3r*°*     From  the  following  table  of  the  dimensions  of 
Cassegrainian  telescopes,  founded  on  Dr.  Smith's 
calculations,   it  appears,   that  though  they  are 
shorter  by  twice  the  focal  distance  of  the  small 
speculum  than  those  of  the  Gregorian  form  with 
the  same  focal  length,  yet  they  have  a  greater 
magnifying  poist^er.     A  Cassegrainian  telescope 
15t  inches  in  focal  length,  will  magnify,  accord- 
ing to  the  table,  9S  tunes ;  while  a  Gregorian 
one,  with  a  similar  speculum,  magnifies  only  86 
times.     This  great  cQflFerence  between  the  per- 
formance of  these  instruments,  does  not  exist 
merely  in  theory ;  for  Mr.  Short  constructed  a 
telescope  of  the  Cassegrainian  form,  of  24  inches 
focus,  which,  with  an  aperture  of  &  inches,  mag- 
nified 355  times.     With  this  power,  indeed,  it 
was  rather  indistinct ;  but  it  bore  a  power  of  231 
times  with  sufficient  distinctness.     In  the  Obser- 
vatory at  Greenwich,  there  is  a  Gregorian  tele- 
scope of  Short's  construction,  which  magnifies 
250  times  when  the  smallest  mirror  is  employed, 
which  is  considerably  less  than  the  power  of'  the 
Cassegrainian  one  of  the  ^me  size. 

Reflecting  telescopes  are  generally  furnished 
with  two  or  three  small  specula  of  different  focal 
lengths,  that  the  magnifying  power  may  be  va- 
ried without  changing  the  eye-piece. 
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On  tlie  Newtonian  Telescope. 

>^^»>*n]  ^  ^g  Newtonian  telescope  was  powerfully 
*^*  recommended  to  the  world  by  the  simplicity  of 
its  construction,  as  well  as  by  the  name  of  its 
illustrious  inventor,  it  is  a  matter  of  surprise  that 
Its  merits  should  have  been  so  long  overlooked. 
During  the  last  century  Gregorian  telescopes 
seem  to  have  been  universally  preferred  to  those 
of  the  Newtonian  form,  till  the  celebrated  Dn 
Herschel  introduced  the  latter  into  notice,  by 
the  splendour  and  extent  of  the  discoveries  which 
they  enabled  him  to  make.  This  philosopher, 
equally  distinguished  by  his  virtues  and  his  talents, 
has  constructed  Newtonian  telescopes  from  7  to 
40  feet  *  in  focal  length,  by  which  he  has  great- 
ly enlarged  our  knowledge  of  the  solar  system, 
and  disclosed  many  new  and  important  facts  re- 
specting the  structure  of  the  heavens. 

In  the  Newtonian  telescope,  the  large  para- 
bolic speculum  is  not  perforated  with  a  hole  V  V. 
A  small  elliptical  plane  mirror,  inclined  45  de- 
grees to  the  axis  of  the  tube,  is  placed  at  G  //, 
about  as  much  nearer  the  speculum  than  its  fo- 
cus, as  the  centre  of  the  small  mirror  is  distant 
from  the  tube ;  that  is,  the  distance  Gm  of  the 
small  speculum  from  the  focus  of  the  great  one, 
shpuld  be  nearly  equal  to  P  T,  half  the  diameter 
of  the  tube.  The  rays  which  form  the  image 
IK  of  the  o1)ject  jiB  instead  of  proceeding  to 
form  it  at  ?w,  are  intercepted  by  the  plane  spe- 


Plate 

xvni. 

Kg.;. 


'  A  description  of  this  noble  instrument  may  be  seen  in 
the  PhiL  Trans.  1795  f  p*.  2.  The  diameter  of  the  specu- 
lum is  4  feet,  its  thickness  about  3^  inches,  and  its  greatest 
magnifying  power  6CXX). 
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culum  at  G  H^  and  refracted  upwards  through  an 
aperture  in  the  side  of  the  tube  T  T,  where  the 
image  is  formed  and  magnified  by  a  double  con- 
vex lens  of  a  short  focal  distance. 

As  the  small  plane  mirror  has  an  oblique  po-  Form  of 
sition  to  the  eye,  it  must  be  of  an  elliptical  form.  ^J^^ 
In  order  to  find  its  conjugate  or  shortest  diame- 
ter, say  as  the  focal  length  of  the  great  specu- 
lum is  to  its  aperture,  so  is  the  distance  of  the 
small  speculum  from  the  focus  of  the  great 
one  to  the  conjugate  diameter  of  the  small 
mirror ;  that  is,  the  conjugate  diameter  of  the 

small  mirror  is  i=  — s .     Its  transverse  or 

r  m 

longest  diameter  will  be  zz     '"p x  1.4142; 

that  is,  equal  to  the  conjugate  diameter  multi- 
plied by  1.4142  ;  or,  which  is  the  same  thing,  its 
transverse  will  be  to  its  conjugate  diameter  as  7 
to  5,  •  which  is  nearly  the  ratio  of  the  diagonal 
of  a  square  to  one  of  its  sides. — If  a  rectangular 
prism  be  substituted  in  place  of  the  small  mir- 
ror, having  its  sides  perpendicular  to  the  incident 
and  emergent  rays,  the  image  will  be  erected, 
and  a  less  quantity  of  light  will  be  lost,  than 
when  the  reflection  is  made  from  a  mirror  of  the 
common  kind. 

In  most  of  Dr.  HerschePs  telescopes  the  plane  Dr.  Hei- 
mirror  is  hrown  away,  and  the  focal  image  [JC^^^\^' 
is  viewed  directly  with  a  small  eye  glass,  placed  menti. 
at  T  Ej  the  lower  side  of  the  tube.     When  the 
aperture  of  the  speculum  is  very  large,  the  loss 
of  light  occasioned  by  the  interposition  of  part  of 


*  Mr.  Adams  in  his  Introduction  to  Natural  Philosophy^  v. 
iif  p.  534,  f rroneously  obserfcs^  that  the  length  of  the 
small  speculum  should  be  to  its  breadth  as  2  to  i. 
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the  observer's  head  is  trivial ;  but  when  the  aper- 
ture is  small,  the  speculum  must  be  inclined  a 
little  to  the  incident  rays.  I  have  frequently 
taken  a  Newtonian  speculum,  S^  inches  in  dia- 
meter, and  50  inches  in  focal  length  out  of  its 
tube,  and  viewed  the  moon  in  this  manner  with 
great  satisfoction.  The  superior  performance  of 
Newtonian  telescopes,  without  the  plane  mirror, 
can  be  conceived  only  by  those  who  have  made 
the  experiment* 
^*^  As  it  is  more  difficult  to  find  any  of  the  heaven* 
Newtonian  ly  bodies  with  a  Newtonian  than  with  a  Grego 
^^^^f^?^^  nan  telescope,  it  has  been  customary  to  fix  a 
small  astronomical  telescope  on  the  tube  of  the 
former,  so  that  the  axis  of  the  two  instruments 
may  be  parallel.  The  aperture  of  its  object  glass 
is  large,  and  cross  hairs  are  fixed  in  the  focus  of 
the  eye  glass.  The  object  is  then  found  by  this 
small  telescope,  which  is  called  the  finder ;  and 
if  the  axis  of  the  instruments  are  rightly  adjusted, 
it  will  be  seen  also  in  the  field  of  the  large  tele- 
scope. When  the  Newtonian  telescope,  how- 
ever, is  large,  and  placed  upon  its  lower  end  to 
view  bodies  in  great  altitudes,  the  finder  can  be 
of  no  use,  from  the  difficulty  of  getting  the  eye 
to  the  eye  piece.  On  this  account  I  would  pro- 
pose to  bend  the  tube  of  the  finder  to  a  right 
angle,  and  place  a  plane  mirror  at  the  angular 
point,  so  as  to  throw  the  image  to  one  side,  or 
rather  above  the  upper  part  of  the  tube,  that  the 
eye  piece  of  the  finder  may  be  as  near  as  possible 
to  the  eye  piece  of  the  telescope.  If  the  latter 
of  these  plans  be  adopted,  the  angular  point,  where 
the  plain  mirror  is  fixed,  should  be  placed  as 
near  as  possible  to  the  focal  image,  in  order  that 
only  a  small  part  of  the  finder  may  stand  abova 
the  tube  j  for  in  this  way  the  eye  can  be  trans- 
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ferred  with  the  greatest  facility  from  the  one  eye 
piece  to  the  other.     The  advantages  of  this  con-  Plat* 
struction  will  be  understood  from  Figure  7,^"'*  . 
where  T  T  is  part  of  a  Newtonian  telescope,  D  **'  ^' 
the  eye-piece,  and  ABC  the  finder.     The  image 
formed  by  the  object  glass  A  is  reflected  upwards 
by  the  plain  mirrdr  B^  placed  at  an  angle  of  45 
degrees  with  the  axis  of  the  tube,  and  the  image  is 
viewed  by  the  eye  glass  at  C.     Those  who  have 
been  in  the  habit  of  using  the  Newtonian  tele- 
scope with  the  common  finder,  will  be  sensible 
of  the  convenience  resulting  from  this  contri- 
vance. 

The  only  table,  containing  the  apertures,  mag-  Reawn*  for 
nifying  power,    &c.   of  Newtonian   telescopes,  ^^p^^^^j^ 
which  has  hitherto  been  published,  was  calcu- for  Newton 
lated  by  Dr.  Smith,*  from  the  middle  aperture ]JJ^^^" 
and  power  of  Hadley's  excellent  Newtonian  te- 
lescope, as  a  standard,  the  focal  length  of  the 
great  speculum  being  5  feet  2\  inches,  its  aper- 
ture 5  inches,  and  power  208.     A  speculum, 
however,  3  feet  and  3  inches  in  focal  length,  was 
wrought,   by  Mr.  Hauksbee,  to  so  great  per- 
fection, as  to  magnify  226  times.  ^     It  shewed 
the  minute  parts  of  the  new  moon  very  distinct- 
ly, as  well  as  the  belts  of  Jupiter,  and  the  black 
list  or  division  of  Saturn's  ring.     For  these  ob- 
jects, it  bore  an  aperture  of  S\  or  4  inches ;  but 
in  cloudy  weather  it  shewed  land  objects  most 
distinct,  when  the  whole  surface  of  the  metal 
was  exposed,  which  was  47  inches  in  diameter. 
Since  the  method  of  grinding  specula,  and  giving 
them  a  true  parabolic  figure,  is  much  better  un- 


^  Optics,  Tol.  i,  p.  148.     Dr.  Smith's  table  was  con* 
tinued  from  1 7  to  24  feet«  by  Mr.  Edwards. 

^   Smith's  Optics,  vol.  ii.     Remarks,  p.  79y  eol.  2. 
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derstood  at  present  than  it  was  in  the  time  of  Mr. 
Hauksbee,  Newtonian  telescopes  may  be  made 
as  perfect  as  this  instrument  of  his  construction* 
Upon  it,  as  a  standard,  therefore,  we  have  com- 
puted the  following  new  table,  on  the  suppo- 
sition, that  reflecting  telescopes,  of  different 
lengths,  shew  objects  equally  bright  and  distinct, 
when  their  linear  apertures,  and  their  linear  am- 
plifications, or  magnifying  powers,  are  as  the 
square  square  roots j  or  biquadratic  roots ^  of  the 
cubes  of  their  focal  lengths ;  and  consequently, 
when  the  focal  distances  of  their  eye  glasses  are 
as  the  square  square  roots  of  their  lengths, 
Ezphna-  The  first  column  contains  the  focal  length  of 
ti^of  the  ^Q  gresx  speculum  in  feet,  and  the  second  its  li- 
near aperture  in  inches,  and  100**»  of  an  inch. 
The  third  and  fourth  columns  contain  Sir  Isaac 
Newton's  numbers,  by  means  of  which  the  aper- 
tures of  any  kind  of  reflecting  telescope  may  be 
readily  computed.  *  The  fifth  column  exhibits 
the  focal  length  of  the  eye  glasses  in  lOOC^^  of 
an  inch ;  and  the  sixth  contains  the  magnifying 
power  of  the  instrument. 


•  See  Gregory's  Optics,  Appendix,  p.  229,    and  the 
Philosophical  Transactions,  No.  81,  p.  4004. 
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Dr.  Her-       The  telescope  which  Dr.  Herschel  generally 

•oDpcl  ^^'  ^^^*  ^^^  ^^^  which  he  has  made  many  of  his 
best  discoveries,  is  a  Newtonian  reflector,  with  a 
speculum  7  feet  in  fdcal  length,  having  an  aper- 
ture of  67  inches,  and  powers  of  227  and  460, 
though  he  sometimes  employs  a  power  of  6450 
for  the  fixed  stars.     Dr.  Herschel  informs  me, 
that  he  obtains  such  high  powers,  merely  by 
using  small  double  convex  lenses  for  eye-glasses, 
and  that  he  has  some  in  his  possession  less  than 
onejiftieth  of  an  inch  in  focal  length. 

In  one  of  Dr.  Herschel's  7  feet  telescopes 
which  I  have  seen  in  the  possession  of  Mr.  Sligo, 
an  ingenious  gentleman  in  Edinburgh,  an  ach* 
romatic  eye-piece  was  employed  for  the  smallest 
magnifying  power.  The  large  speculum  is  well 
finished,  and  the  image  which  it  formed  remark- 
ably distinct.  The  contrivances  by  which  the 
vertical  and  horizontal  movements  were  effected, 
are  particulariy  simple  and  ingenious,  and  do 
great  credit  to  their  inventor. 


^ 
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DESCRIPTION  OF  A  NEW  FLUID  MICRdSCOPE 
INVENTED  BY  THE  EDITOR. 


r  OR  the  first  idea  of  fluid  micf oscop^  we  are  ^^  mi- 
indebted  to  the  ingenious  Mr.  Stephen  Grey,  who  S^^^t- 
published  an  account  of  his  discovery  in  the  ed  by  Mr. 
Transactions  of  the  Royal  Society/     They  con-  ^"^* 
sisted  merely  of  a  drop  of  water,  taken  up  on 
the  point  of  a  pin,  and  placed  in  a  small  hole  at 
£^9  Y^  of  zn  inch  in  diameter,  in  the  piece  of  p*^**^"' 
brass  D  JE,  about  -j^  of  an  inch  thick.    The  hole  *^*  *' 
D  is  in  the  middle  of  a  spherical  cavity,  about  ^ 
of  an  inch  in  diameter,  and  a  little  deeper  than 
half  the  thickness  of  the  brass.     On  the  opposite 
side  of  the  brass  is  another  spherical  cavity,  half 
as  broad  as  the  former,  and  so  deep  as  to  reduce 
the  circumference  of  the  small  hole  to  a  sharp 
edge.     The  water  bemg  placed  in  these  cavities,  Deicription 
will  form  a  double  convex  lens,  with  unequal  ^^7"" 
convexities.     The  object,  if  it  is  solid,  is  fixed  scope. 
upon  the  point  C  of  the  supporter  ji  B^  and 
placed  at  its  proper  distance  from  the  water  lens, 
by  the  screw  FG.     When  the  object  is  fluid,  it 
is  placed  in  the  hole  ^,  but  in  such  a  manner  as 

'  Phil.  Trans.  No.  221,  223.     Sec  also  Smith's  Optics, 
Yol.  ii,  p.  304. 
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not  to  be  spherical ;  and  this  hole  is  brought  op' 
posite  the  fluid  lens,  by  moving  the  extremity 
G  of  the  screw  into  the  slit  G  H. 

Description     From  this  microscope  of  Mr.  Grey's,  the  one 

of  the  new  ^ijj(.[j  ^g  ^Te  uow  to  describe  is  totally  different. 

croKope.    It  IS  represented,  as  ntted  up,  m  Plate  XI,  rig. 

Yi^^^?^^' 2,  and  some  of  its  parts,  on  a  larger  scale,  in 
*  '  ' '"  Fig.  3  and  4.  A  drop  of  very  pure  and  viscid 
turpentine  varnish  is  taken  up  by  the  point  of  a 
piece  of  wood,  and  dropped  at  a,  upon  the  piece 
of  thin  and  well  polished  glass  a  bed  I;  and  dif- 
ferent quantities  being  taken  up,  and  dropped, 
in  a  similar  manner,  at  6,  c,  d,  will  form  four 
or  more  pJbno-conyeK  lenses  of  tur{>entiae  var- 
nish, Tfhiph  rmy  he  made  of  any  focal  Lengthy  by 
taking  up  a  greater  or  a  less  quantity  of  the  fluid* 
The  bwer  surface  of  the  glass  abcdij  having 
been  first  smok^  with  a  candle,  the  black  (Ng- 
ment,  immediately  bek>w  the  lenses  a^  b^Cjd^is 
then  to  be  removed,  so  that  no  light  may  pas^ 
by  their  circumferences.  The  piece  of  glass, 
a  7c,  is  next  to  be  perforated  at  /,  and  surround- 
ed with  a  toothed  wheel  C/>,  which  can  be 
moved  round  /  as  a  centre,  by  the  endless  screw 
jiB.  The  apparatus  CDBA  is  placed  in  a 
circular  case,  which  is  represented  by  £  //  in 
Fig.  2,  and  part  of  it,  on  a  larger  scale,  by  CD 
in  Fig.  4,  and  to  its  sides  the  screw  ^  ^  is  fas- 
tened, by  means  of  the  two  arms  m,  n.  This 
circular  case  is  fixed  to  the  horizontsd  arm  ii, 
by  means  of  a  brass  pin,  which  passes  through 
its  upper  and  under  siur£aLces,  ami  through  dbe 
hole  i,  (Fig.  3),  which  does  not  embrace  the  pin 
very  tightly,  in  order  that  CD  may  revolve  with 
facility.  On  the  upper  surface  of  ii  H  is  an 
aperture  K^  directly  above  the  line  described  by 
the  centres  of  the  fluid  lenses,   when  ipoving 


OPTICS,  485 

round  /;  and  in  this  aperture  is  inserted  a  small 
cap,  with  a  little  hole  at  its  top,  to  which  the  eye 
is  applied.  E  MN  is  the  moveable  stage,  that 
carries  the  slider  0  P,  on  which  microscopic  ob- 
jects are  laid  ;  and  is  brought  nearer,  or  removed 
from,  the  lenses  by  the  vertical  screw  DE.  RS 
is  the  perpendicular  arm  to  which  the  microscope 
is  attached.  FG\&  the  pedestal;  and  C  is  a  plain 
mirror,  which  has  both  a  vertical  and  horizontal 
motion,  in  order  to  illuminate  the  objects  on  the 
slider. 

When  the  microscope  is  thus  constructed,  th^  Method  of 
object  to  be  viewed  is  placed  upon  0  P,  and  the»<*J^^8*^ 
screw  AB\&  turned,  till  one  of  the  lenses  be 
directly  below  the  aperture  K.  The  slider  is  theri 
raised  or  depressed,  by  die  screw  Z)  jB,  till  the 
object  be  brought  into  the  focus  of  the  tens.  Itt 
this  manner^  by  turmng.  the  screw  AB^  and 
bringing  all  the  leiises,  one  afber  another,  direct-' 
ly  below  Jf,  the  object  may  fee  successively' e9t:a- 
mined  with  a  variety  of  magnifying  powers; 

The  focal  lengths  of  these  fluid  lenses  vriil  te- 
crease  a  litde  after  they  are  formed ;  but*  if  they 
are  preserved  from  dust,  tliey  will  last  for  a  long 
time.  The  turpentine  varnish  should  be  as  putie 
and'  visdd'  as  possible ;  the  glass  on  whi<:h  it  is 
dropped  should  be  very  thin ;  and  the  microsco^ 
should  stanxi  on  a  horizontal  surface. 

I  have  even  employed  these  fluid  lenses  as  thdCompoimd 
object  glasses  of  compound  microscc^s-;  and  I^^^',, 
once  constructed'  a  compound  micfoscope,  itl' 
which  both'  the  object-glass  and  eye^gl&ss  were 
made  of  turpentine  varnish.  It  perfonlted  much' 
.better  than  I  expected,  but  rather  gave  a  yellowish' 
tinge  to  the  objects  which  were  presented  to  iX^ 
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ACCOUNT  OF  AN  IMPROVEMENT  ON  THE  CAMERA 
OBSCURA,  AND  OF  A  NEW  PORTABLE  ONE  UPON  A 
LARGE  SCALE. 


J.  HE  camera  obscura,  which  is  one  of  the  sim- 
plest and  most  amusing  of  our  optical  instruments, 
has  already  been  described  in  the  first  volume. ' 
The  improvements  which  have  been  made  upon 
it  since  its  first  invention,  regard  chiefly  its  ex- 
ternal form,  and  no  attempts  have  been  made 
to  increase  the  brilliancy  and  perfection  of  the 
CanMi  of  image.  When  we  conipare  the  picture  of  ex- 
^^l^^e  temal  objects,  which  is  formed  in  a  dark  cham- 
camenob-  ber  by  the  object-glass  of  a  commcm  refract- 
^"^  ing  telescope,  with  that  which  is  formed  by 
an  achromatic  object-glass,  we  will  find  the 
diflference  between  their  distinctness  much  less 
than  we  would  have  at  first  expected.  Although 
the  iichromatic  lens  forms  an  image  of  the  mi- 
nutest parts  of  the  landscape,  yet  when  this 
image  is  received  on  paper,  these  nidnute  parts 
are  obliterated  by  the  small  hairs  and  asperities 
on  its  surface,  and  the  effect  of  the  picture  is 
very  much  impaired.  In  the  Royal  Observatory 
at  Greenwich,  the  image  is  received  upon  a  large 
concave  piece  of  stucco,  but  from  the  testimony 
of  those  who  have  witnessed  its  effects,'  this  sub- 


'  S<e  to]  i,  pp.  285,  286. 
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stance  does  not  seem  to  be  more  favourable  for 
the  reception  of  images  than  a  paper  eromid.    In 
order  to  obviate  these  inconvenienaes,  I  tried  a 
number  of  white  substances  of  diflPerent  degrees 
of  smoothness,  and  several  metallic  surfaces  with 
different  degrees  of  polish,  but  did  not  succeed 
in  finding  any  surface  superior  to  paper,     I  hap- ^^^"^ 
pened,  however,   to  receive  the  image  on  thethctcand 
silvered  back  of  a  looking  glass,  and  was  surpris-  ^"^^^^ 
ed  at  the  brilliancy  and  distinctness  with  which  morfbi^. 
external  objects  were  represented.      The  little  i\»nj  *»<* 
spherical   protuberances,   however,  which  arise  *^*^ 
from  the  roughness  of  the  tin-foil,  have  a  tenden- 
cy to  detract  from  the  precision  of  the  image, 
and  certainly  injure  it  considerably  when  exa- 
mined narrowly  with  the  eye.     In  order  to  re- 
move these  small  eminences,  I  ground  the  sur- 
face carefully  with  a  bed  of  hones,  which  I  had 
used  for  working  the  plane  specula  of  Newto. 
nian  telescopes.      By  this  operation,   which  is 
exceedingly  delicate,   and  may  be    performed 
without  injuring  the  other  side  of  the  mirror,  I 
obtained  a  surrace  finely  adapted  for  the  recep- 
tion of  images.     The  minute  parts  of  the  land- 
scape are  formed  with  so  much  precision,  and 
the  brilliancy  of  colouring  is  so  uncommonly 
fine,  as  to  equal,  if  not  exceed  the  images  which 
are  formed  In  the  air  by  means  of  concave  spe- 
cula.   Notwithstanding  the  blueish  colour  of  the 
metallic  ground,  white  objects  are  represented  in 
their  true  colour,  and  the  verdure  of  the  foliage 
appears  so  rich  and  vivid,  that  the  image  seems 
to  surpass  in  beauty  even  the  object  itself.     On 
account  of  the  metallic  lustre  of  the  surface,  the 
distinctness  of  the  image  will  always  be  greatest 
when  the  eye  of  the  observer  is  placed  ip  the  di* 
rection  of  die  reflected  rays. 
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DcKripUon     x}^  cofmjxoxL  po^bjb  cameva  obfiiciu^,  which 
^AawT    Iw  already  beeiji,  (Jp:jibed,'  is.  n^es^^y  oa  ^ 
camera  ob-  small  scctle,  ap4  i3  very  hx  fcc^a  Ipiei^g  coiv- 
•^"^       venient.    These  incpftvj?fli«ncias.  ^  conipj^tely 
remedied  in  the  camen^  obscvm^  ]^veute<ik  by  mf 
friend  the  Rev^  Mr.  Thomson,  of  DuidhJingstoR^ 
PtATi.     which  is  represented  i^  Figures  5,  and  6  o£  Fkite 
^.^y»        XlV.     In  Fig.  5^  ^  is  a  ipetalh'c  or  wooden  ring, 
*^*         in  which  the  four  wooden  bars  -4i^»  ^ly  ^G, 
ur^.  JFfj  mkpve  by  m^<v93  o£  joints  dji  A;  ^d  are 
kq>t  asunder  by  the  cross  pieces^  B,  C^  Df^.  which 
move  round  R  aiDud  l>  as  centres,  and  &ld  up 
along  BAj  and  /).  ^  when  the  instrument  is  not 
used.  The  surface  FJfGM^  on.  which  the  image 
is  received^  constats  of  a  piece  of  silk  covered 
wiijh  paper.     It  is  n»de  tOi  roll  up  a£  i  H^^  which 
moves  in  a  joint  at  7,  so  that  the  whole  surface 
FI'H  Gy  when  winded  upon  IH^  can  be  fold* 
ed  upon  the  bar  Iji.     By  this  meaps,  the  in- 
strument which  is  covered  with  g^^e^n  silk,  li^ed 
with  a  black  substance,  may  be  put  together  and 
carried  as  an  umbreljta.     It  is  shewn,  more  fully 
-ifjg.  6.      in  Fig,  6,  where  A  is  the  apert^ire  for  placing 
the  lens,  and  S  C  z  semircircular  opening  for 
viewing  the  in^age.     A  black  veil  may  be  fixed 
to  the  circumference  of  B  C,,  and  thrown  over 
the  head  of  the  observer  to  prevent  the  admission 
of  any  extraneous  light* 


'  See  vol.  i,  p,  286. 
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PESCRIPTION  OF  AN  ANALEMMATIC  DIAL,   WHICH 

SETS  ITSKbF. 


JL ii£  aaalemmatic  dial  is  represented  by  CD  inAndemni** 

Fig.  2  of  Plate  XII^  and  is  generally  described  ^i;J^xn, 
upon  the  samie  surface  with  a  horizonul  dial  jiS^  Bg.  a. 
for  the  purpose  of  ascertaining  its  proper  posi- 
tion, without  the  assistance  of  a  meridiw  line  op 
compass.  It  is  always  of  an  elliptical  formv  ap- 
proaching to  that  of  a  drde,  as  the  place  tor 
which  it  IS  made  recedes  from  the  equator.  Its 
6tile  is  perpendicular,  and  has  different  positions 
in  the  line  So  i^ ,  changing  with  the  declination 
of  the  sun,  and*  indicated  by  the  names  of  the 
months  marked  upon  its  surface.  From  the  ob- 
liquity of  the  stile  of  the  one  dial,  and  the  rect- 
angular position  of  the  other,  the  motion  of  their 
shadows  is  so  different,  diat  the  dial  may  be  reck- 
oned properly  placed  when  the  shadows  of  both 
utiles  indicate  the  same  hour. 

In  order  to  understand  the.  theory  and  con- Theory  •£ 
struction  of  this  disj^  let  BE  be  its  length  per-^*^***** 
pendicular  to  the  direction  of   the  meri^an.  *^"** 
Having  bisected  BEin^j  make  A  0  equal  to 
the  sine  of  the  latitude  of  the  place ;  and  with 
the  cosine  of  the  latitude  as  radius,  set  off  A  J) 
and  ^  C  equal  to  the  tangent  pf  23^  28',  the 
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sun's  greatest  declination.  The  points  D  and  C 
are  the  places  of  the  stile  in  the  time  of  the  sol- 
stices, on  the  21''  of  June  and  December ;  and  if 
the  tangent  of  the  sun's  declination  for  the  first 
day  of  every  month  is  set  off  in  a  similar  man- 
ner between  ji  and  /),  and  j4  and  C,  the  points 
thus  found  will  be  the  place  of  the  stile  on  those 
days,  and  the  radius  J3  C  drawn  from  all  these 
pomts  to  B  will  be  the  hour  line  of  six  at  these 
different  times. 
Kg.  5.  In  order  to  prove  this,  let  ZjENH  (Fig.  5), 

be  the  meridian,  Pp  the  six  o'clock  hour  circle, 
and  P  H  the  height  of  the  pole,  then  .^Z«$  is  the 
azimuth  of  the  sun,  and  P  ZS  its  complement, 
ji  S  the  sun's  declination,  and  P  S  its  comple- 
ment. Now,  in  the  spherical  triangle  PZS 
right  angled  at  P,  we  have  by  spherical  trigono- 
metry (Playfair's  Euclid,  prop.  XVIII.)  Radius : 
Sin.  P  Z=Tang.  PZS:  Tang.  P  5,  that  is,  Ra- 
dius :  Sin.  P  Z=Co  Tan?.  Azimuth  :  Co  Tang, 
declination,  for  P ZS  is  the  complement  of  the 
azimuth,  and  P  S  the  codeclinadon ;  but  as  ra- 
dius is  a  mean  proportional  between  the  tangent 
and  cotangent  (Def.  IX,  Cor.  J ,  plane  trigonom.), 
the  tangents  will  be  in  the  reciprocal  ratio  of 
the  cotangents,  and  consequently  cotang.  azi- 
muth: cotang.  declin.=:Tang.  declin. :  Tang, 
azimuth.  Therefore,  Rad.  ;  Sin  PZ=:Tang. 
declin.  :  Tang.  :  azimuth  ;  and  the  sine  of  P  Z 
the  colatitude^  is  the  same  as  the  cosine  of  the 
latitude. 

Now,  if  AC  represents  the  six  o'clock  hour 
line  when  the  sun  is  in  the  equator,  and  A  C  the 
tangent  of  the  sun's  declination,  for  a  radius 
equal  to  the  cosine  of  the  latitude,  or  A  C=Tane. 
declin.  x  cosin.  latitude,  the  angle  ABC  will 
be  equal  to  the  sun's  azimuth,  for  from  the  last 
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analogy,  Tang,  declin.  X  cos.  latitude=Rad.  x 
Tang,  azimuth,  therefore  A  CzzRad.  x  Tang, 
azimuth  \  that  is,  AC  \&  equal  to  the  tangent  of 
the  sun's  azimuth  when  AB  is  radius ;  and  con- 
sequently AB  Ch  the  sun's  azimuth  since  A C 
is  its  tangent.  If  the  sun  were  in  the  equator 
and  the  stile  at  A^  his  azimuth  from  the  south 
would  be  0  -^^,  whereas  when  the  stile  is  at  C, 
his  azimuth  is  0  CB^  which  is  equal  to  OA  B 
— A  B  C  ;  therefore  ^  ^  C  is  the  sun's  azimuth 
from  the  east  or  west  at  six  o'clock,  and  B  C  the 
six  o'clock  hour  line.  In  the  same  way  it  might 
be  shewn,  when  the  stile  is  placed  in  any  point 
between  C  and  D,  that  a  line  drawn  from  it  to  ^ 
the  point  B  will  be  the  six  o'clock  hour  line  for  : 
that  declination,  and  that  the  angle  at  jS,  com- 
prehended between  this  line  and  AB^  will  be 
equal  to  the  azimuth  of  the  sun. 

In  order  to  determine  the  horary  points  and 
the  circumference  of  the  dial,  we  must  consider, 
that  if  the  equator  be  projected  upon  the  horizon 
of  any  place,  it  will  form  an  ellipse  whose  con- 
jugate or  shortest  diameter  is  equal  to  the  sine  of 
the  latitude  of  that  place.  Let  BMF  there- 
fore, be  the  equator  projected  on  the  hori-Fig.d. 
zon  of  a  given  place,  so  that  A  M  half  the  con- 
jugate axis  is  to  ABj  half  the  transverse  axis, 
as  the  sine  of  the  latitude  of  that  place  is  to  ra- 
dius. Then  having  described  the  semicircle 
BXIJFj  divide  the  quadrants  BXJTj  and 
XII F^  into  six  equal  parts  for  the  hours,  into  12 
for  the  half  hours,-  and  into  24  for  the  quarters, 
each  hour  being  15  decrees  in  the  daily  motion 
of  the  sun,  each  half  hour  V  SC/,  and  each 
quarter  3®  45',  and  from  these  points,  from  the 
point  7/7,  for  example,  draw  ///  C  E  parallel 
tp  AXII^  or  perpendicular  to  A  By  the  point 
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C  \(rhere  this  line  cuts  the  ellipse  will  be  the 
horary  pointy  and  D  C  will  be  the  three  o'clock 
hour  line  when  the  stile  is  at  D. 

As  there  is  some  diiGculty,  however,  in  de- 
scribing an  ellipse  with  accuracy,  we  shall  shew 
how  to  find  the  horary  points  without  describ- 

t'i%'  %•  ing  this  conic  section.  Take  B  C  equal  to  the 
breadth  of  the  dial,  and  having  bisected  it  in  A^ 
draw  A  \2  perpendicular  to  BC,  and  equal  to 
the  ^ne  of  the  latitude,  A  C  being  radius.  Then 
upon  the  centre  Ay  with  the  distance  A  12,  de^ 
scribe  the  semicircle  D  1 2  JP,  and  with  the  dis- 
tance AB  the  semicircle  CHB.  Divide  the 
quadrant  H  B  into  six  equal  parts  for  hours  in 
the  points  m,  ru,  o,  p,  q,  and  the  quadrant  12  E 
into  the  same  number  of  equal  parts  in  the  points 
a,  ky  c,  d,  e;  and  through  a,  h,  c,  &c.  draw  all, 
£  1 0,  c  9,  &c.  parallel  to  C  B ;  and  through 
nij  rij  Oj  ice*  draw  iti  1,  n  2,  u  3,  parallel  to  If  A; 
— the  points  of  intersection  1 ,  2,  S,  4,  5,  will 
be  the  horary  points,  and  will  be  ia  the  circum- 
ference of  an  ellipse.  The  horary  points  being 
thus  kxiown,  it  is  not  necessary  to  trace  the  el- 
lipse, otherwise  it  might  be  easily  done  with  the 
hand.  If  the  divisions  Hm,  mn,  &c.  are  sub- 
divided into  half  hours  and  quarters,  or  even 
lower,  the  corresponding  points  in  the  ellipse  12 
B  may  be  determined  in  a.  similar  manner. 

In  order  to  demonstrate  that  C  is  the  horary 
point  of  three  o'clock,  and  D  C  the  hour  line 
when  the  sun  is  at  his  greatest  north  declination, 
we  must  find  from  the  construction  the  angle 
C  D  M,  or  the  sun*s  azimuth,  reckoned  from 
the  south,  and  see  if  the  triangle  PZS  (Fig.  7) 
furnishes  us  with  a  similar  expression  of  the 

Ti^  6.  angle  Z,  or  sun*s  azimuth;  In  Figw  6,  G  /f,  or 
its  e<}ual  AE^  is  evideotly  the  sine  of  the  horary 
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angle^  A B  being  radius ;  and  since  C E  ox  AH 
is  the  cosine  of  the  horary  angle,  in  a  circle 
whose  radius  is  AM^  or  the  sine  of  the  latitude, 
we  will  have  C  E  or  AHziCos.  horary  angle  X 
Sin.  lat.  But  according  to  the  first  part  of  the 
construction  ADizT^n.  declin.  X  Cos.  lat.  j  there- 
fore D  Hy  the  difference  between  A  D  arid  A  H 
will  be  =  Cos.  hor.  angle  X  Sin.  lat — Tang,  de- 
clin. X  Cos.  lat. ;  and  the  tangent  of  the  angle 

CD  H  or  ^jr  will  then  be  equal  to 

^ Sm.  Hot.  Angle «..^...._ 

Cos,  Hor.  Angle  X  Sin.  Latit. — Tang.  DecL  X  ^*  Lat. 

Now,  in  order  to  find  a  similar  expression  for 
the  angle  VZS^  (Fig.  7)  let  50  be  a  perpen-F^.7- 
dicular  upon  P  Z ;  and  the  Sines  of  the  seg- 
ments P  OyZOj  will  be  reciprocally  proportional 
to  the  angles  at  the  base  P  and  Z,  (Flayfair's 
Spher.  Trig.  Prop.  XXVII)  j  that  is,  Sin.  ZO: 
Sin.  P  0=:Tang.  P  :  Tang.  Z ;  and  therefore. 

Tang.  Z  =  ^!^^^^-^^.    But,  Sin.  Z0  = 

Sin.  PZ— i^O*=Sin.  PO  x  Cos.  PZ— Sin.  PZ 
xCos.  P  0. — ^Now,  since  Rad.  :  Tang.  =  Sin. : 
Cosine^  and  since  Cos.  :  Sin.  =  Rad.  :  Tang. 
we  have,  by  the  rule  of  proportion^  Sin.  P  0= 

Coa.POxTang.  PO;  andTang.  PO=?i^ 

TK       f        5iif .  P0_  Cos.  PO  X  Tang.  PO 

1  nerctore,  sh.ZO'^  Sin.POy.Cos.PZ—Sin.FZ  x  Cos.Pu 
Dividing  by  Cos.  PO  we  have. 
Sin.PO_  Tang.PO  ,   and  since 

Sin. ZQ-^SSTPOiTCos.  PZ^'m.  PZ  ^  ^^d  Since 

Cos.  PO 


♦  Sec  Traih  Algebra,  Appendix,  No.  VI,  on  tbgariib^ 
me^e  ofSmiSf  Tbcorem  11. 
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Tmg.  P0=~^,  we  shall  have,bysubstiturion, 

Sin.PO_    Tang.  PO 

Sin.  ZO  ~Tang.  POx  Cot.  PZn-Sin.  PZ 

Agaiii,  by  Playfair's  Spher.  Trigon.  Prop.  XXI, 
Cos-  P  :  Rad.  =  Tang. /^ 0  :  Tang,  P5,  conse- 
quently Tang.  P 0=Tang.  PSx  Cos.  P.  Sub- 
stituting,  therefore,  this  new  value  of  Tang.  P  0 
in  its  room,  in  the  last  equation,  multiplying 
the  whole  by  Tang.  P,  and  divicting  by  Tang. 
PS,*  we  shall  have. 

Tang,  P  X  Sin.  PO  _  Cot.  P  X  Tang.  P 

Sin.  HjO         —  Cot.  PZ  X  Cof.  P^Sin.  PZ  X  Coi.  PS 

But  sinceTang.:  Rad.=Cos.:Sin.;Sin.P=Cos.  P 
X  Tang.  P.  By  substituting  Sin  P  in  place  of 
its  value  we  shall  have  Tang.  Z,  or  its  equa}. 

Tang.  P  X  Sin.  PO  :^         Sin.  P 

Sin.  ZO  Cot.  P  X  Cot.  PZ—Sin.  PZx  Cot.  PS 

that  is,  by  substituting  the  names  of  the  symbols 

rp         rj  _^_  Stn.  Hot.  ^nglc 

^^*         Cot.Hor.Ang.  X  Sin.Lat. — Tang.Dec.  X  Cot.Lat. 

which  is  the  same  expression  of  the  tangent  of 
the  sun's  azimuth,  or  angle  Z,  as  was  deduced 
from  the  former  construction. 
Its  con-         The  analemmatic  dial  being  thus  demonstrated, 
•traction.   Jts  Construction  will  be  better  understood  by  tak- 
ing a?i  example.     Let  it  be  required,  therefore, 
to  construct  one  of  these  dials  for  latitude  56 
degrees  north,  which  nearly  answers  to  Edin- 
Fig.  3.      burgh.     Let  AC  (Fig.  3)  be  taken  for  half  the 
breadth  or  radius  of  the  dial,  and  let  it  be  divid- 
ed into  1000  parts,  then  A  12,  which  must  be 
equal  to  the  sine  of  the  latitude,  or  56  degrees, 
will  be  829,  which  are  the  three  first  figures  of  the 

*  Since  the  tangents  are  in  the  inverse  ratio  of  the  co- 
tangentSy  multiplying  any  number  by  the  cotangent,  is  the 
same  as  dividing  it  by  the  tangent. 
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natural  sine  of  56  degrees  in  a  table  of  sines.  In 
order  to  find  the  points  -D,  C,  (Fig.  4)  where  the%«4« 
stile  is  to  be  placed  at  the  solstices  on  the  21'*  of 
June  and  December,  take  the  tangent  of  23°  28^ 
the  sun's  declination  at  that  time,  and  it  will  be 
434,if  the  radius  were  -^Cor  1000;  but  as  the  ra- 
dius is  the  cosine  of  the  latitude,  which  is  55Q, 
we  must  say  as  1000  :  559=:4S4  :  243,  the 
length  oi  jiD  and  jiC.  On  the  21"  of  Feb- 
ruary, April,  August,  and  October,  the  sun*s  de- 
clination is  nearly  11®  1  y,  the  tangent  of  which 
for  a  radius  of  1000  is  200 ;  but  for  a  radius  of 
559,  the  cosine  of  the  latitude,  it  will  be  112, 
which  is  the  distance  of  the  stile  from  A  on 
both  sides  on  the  21"  of  the  months  already 
mentioned.  On  the  21"  of  January,  May,  July, 
and  November,  the  sun's  declination  is  nearly 
20°  8'  the  tangent  of  which,  for  the  radius  iOOO, 
is  367 ;  but  for  the  radius  559  it  will  be  205, 
which  is  the  distance  of  the  stile  from  A^  on  both 
sides,  on  the  21"  of  these  months,  the  names  of 
the  months  being  inserted  beside  the  points,  as 
in  Fig.  2.  The  horary  points  are  now  to  be  de- 
termined in  the  manner  already  mentioned,'  and 
the  dial  will  be  finished.  In  order  to  place  the 
dial,  we  have  onlv  to  turn  it  round  till  the  stile 
of  the  analemmatic  dial  indicates  the  same  hour 
with  that  of  the  horizontal  one,  and  it  will  then 
be  properly  placed. 


See  p.  491. 
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D£SCRtt»TlON  OF  JL  NEW  DIAL  IN  YfltlCU  THE  ttOtRfi 
ARE  AT  EQUAL  DISTANCES  IN  THE  CIRCUMFER^ 
£NCEOPACIRCLE.> 


Lunbtrt'ft  \V  iTH  any  radius  describe  the  circle  FXIIB : 
^^  -«^  draw  A  XII  for  the  meridian,  and  divide  the 
Fig.  6.  'quadrants  FXII^  BXlI^  each  into  six  equal 
parts  for  hours.  To  the  latitude  of  the  place  add 
the  half  of  its  complement,  or  the  hrfght  of  the 
equator,  alid  the  sum  will  be  the  incunation  of 
the  stile^  or  the  angle  DAC.  Thus,  at  Edin- 
burgh,  the  latitude  is  65"^  58',  the  complement 
of  which,  or  the  altitude  of  the  equator^  is 
34^*  2' ;  the  half  of  which  is  l?"*  1',  bemg  added 
to  5S^  58',  gives  TS*"  59^  for  the  mcllnation  of 
the  stile  or  the  angle  DAC.  The  poshion  of 
the  stile,  in  the  figure  is  that  which  it  must  have 
on  the  21"  of  March  and  September,  when  the 
sun  crosses  the  equator ;  but  when  the  sun  has 
north  declination,  the  point  A  must  move  to- 
wards Z),  and  when  he  is  south  of  the  equator, 
it  must  move  in  the  opposite  direction.     In  or- 


*  This  dial  was  invented  by  M.  Lambert,  and  is  de- 
scribed and  demonstrated  in  the  Ephemerides  of  Berlioy 
^777 f  P*  200>  written  in.  German. 
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der  to  find  the  position  of  the  point  A  for  any 
declination  of  the  sun,  multiply  together  the  ra- 
dius of  the  dial,  the  tangent  of  half  the  height  of 
the  equator  at  the  place  for  which  the  dial  is  con- 
structed, and  the  tangent  of  the  sun*s  declina- 
tion,  andthe  product  of  these  three  quantities 
divided  by  the  square  of  the  radius  of  the  tables, 
will  give  the  distance  of  the  moveable  point  A 
from  the  centre  of  the  circle  FXIIB. 

Let  it  be  required,  for  example,  to  find  the 
position  of  the  point  A  on  the  21"  of  December 
and  June,  when  the  declination  of  the  sun  is  a 
maximum,  or  23'  28',  the  radius  .^J5  of  the  dial 
being  divided  into  100  equal  parts. 

Log.  100=2.0000000 
Log.  Tang.  17"*  l'=9.4857907 
Log.Tang.23'*  28'=9.6376106 

Sum  21.1 23401 3=Log.ofproduct. 
From  this  logarithm  subtract  20,  the  logarithm 
of  the  square  of  the  radius,  and  the  remainder 
will  be  1.1234013=Log.  13.29. 
Take  13j  parts,  therefore,  in  your  compasses, 
and  having  set  them  both  ways  from  A^  the  li- 
mits  of  the  moveable  stile  will  be  marked  out. 

For  any  other  declination,  the  position  of  the 
point  A  may  be  found  in  a  similar  manner.  It 
will  be  sufficient  in  general  to  determine  it  for 
the  declination  of  the  sun  when  he  enters  each 
sign,  and*  place  these  positions  on  the  dial,  as 
represented  in  Fig.  2.  F>g-  a- 

The  length  of  the  stile  A  C,  or  its  perpendi- 
cular height  H  C,  must  always  be  of  such  a  size 
that  its  shadow  may  reach  the  hours  in  the  cir- 
cle FXIIB.  For  any  declination  of  the  sun, 
its  length  A  C  may  be  determined  by  plain  tri- 
gonometry.     A  XII  is  always  given,  the  inclin- 

VoU  II.  I  i 
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adon  of  the  stile  JD  .^  C  is  also  known,  the  angle 
AX  lie  is  equal  to  the  sun's  meridian  altitude, 
and  therefore  the  whole  triangle  may  be  easily 
found  in  the  common  way,  or  by  the  following 
trigonometrical  formula: — AC  the  length   of 

,         .. JiXII%  Sin.  Mend.  Alt> 

^^^—  Sin.  (i80«— Angle  of  Stilc+Mcrid.  Alt.) 

tmprotf  Notwithstanding  the  simplicity  in  the  con- 
h?y  lT"  struction  of  this  dial,  the  motion  of  the  stile  is- 
enmge.  troublesome,  and  should  if  possible  be  avoided. 
For  this  purpose  the  idea  first  suggested  bv  the 
celebrated  La  Grange  will  be  of  essential  uti- 
lity. He  allows  the  stile  to  be  fixed  in  the  centre 
Ay  and  describes  with  the  radius  A  By  circles 
upon  the  different  points  where  the  stile  is  to  be 
placed  between  A  and  Z),  and  on  the  other  side 
of  Ay  which  is  not  marked  in  the  figure.  All 
these  circles  must  be  divided  equally  mto  hours 
like  the  circle  F  XII  By  and  when  the  sun  is 
in  the  summer  solstice,  the  divisions  on  the  cir- 
cle nearest  the  stile  are  to  be  used ;  when  he  is 
in  the  winter  solstice,  the  circle  farthest  from  A 
must  be  employed,  and  the  intermediate  circles 
must  be  used  when  the  sun  is  in  the  intermediate 
points.  This  advice  of  La  Grange  may  be  adopt- 
ed also  in  analemmatic  dials. 
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ON  THE  CAUSB  OP  THE  TIDES  ON  THE  SIDE  OF  TBI 
EARTH  OPPOSITE  TO  THE  MOON. 


It  has  always  been  reckoned  difficult  for  those  on  the 
unacquainted  with  physical  astronomy,   to  un-^«o^«^ 
derstand  why  the  sea  ebbs  and  flows  on  the  side  ^e  th?^ 
of  the  globe  opposite  to  the  moon.    This  fact^nMm 
indeed,  has  frequently  been  regarded,  and  some- 
times adduced,  by  the  ignorant,  as  an  unsur- 
moimtable  objection  to  the  Newticmian  theory 
of  the  tides,  in  which  the  rise  of  the  waters  is 
referred  to  the  attraction  of  the  sun  and  moon. 
From  an  anxiety  to  give  a  popular  explanation  of 
this  subject,  Mr.  Ferguson  has  been  led  into  an 
error  of  considerable  importance,  in  so  far  as  he 
ascribes  the  tides  on  the  side  of  the  earth  oppo- 
site the  moon,  to  the  excess  of  the  centrifugal 
force  above  the  earth's  attraction.'     It  cannot  be 
questioned,  indeed,  that  the  earth  revolves  round 
the  common  centre  of  gravity  of  the  earth  and 
moon,  at  the  distance  of  nearly  6000  miles  from 
that  centre  ;  and  that  the  side  of  the  earth  op- 
posite the  moon  has  a  greater  velocity,  and  con* 


'  SecYoL  iy  p.  48,49* 
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8equently  a  greater  centrifugal  force  than  the 
ade  next  the  moon  j  but  as  the  side  of  the  earth 
farthest  from  the  moon,  is  only  10,000  miles 
from  the  centre  of  gravity,  it  will  describe  an 
orbit  of  31,415  miles  in  the  space  of  27  days  8 
hours,  or  656  hours,  which  gives  only  a  velocity 
of  47  miles  an  hour,  which  is  too  small  to  create 
a  centrifugal  force,  capable  of  raising  the  waters 
of  the  ocean. 
PiATi  V,      The  true  cause  of  the  rise  of  the  sea  may  be 
^*  ^      understood  from  Plate  V,  Fig.  4,  where  ABC 
is  the  earth,  0  the  common  centre  of  gravity  of 
the  earth  and  moon,  round  which  the  earth  will 
revolve  in  the  same  manner  as  if  it  were  acted 
upon  by  another  body  placed  in  that  centre.     Let 
AM^  jSNj  CPj  be  the  directions  in  which  the 
points  Aj  Bj  Cy  would  move,  if  not  acted  upon 
by  the  central  body ;  and  let  Bbn  be  the  orbit 
into  which  the  centre  B  of  the  earth  is  deflected 
from  its  tangential  direction  BN.    Then  since 
the  waters  at  A  are  acted  upon  by  a  force,  as 
much  less  than  that  which  influences  the  centre 
of  the  earth,  as  the  square  0  £  is  less  than  the 
square  of  0  A^  they  cannot  possibly  be  deflected 
as  much  from  their  tangential  direction  AM^  as 
the  centre  B  of  the  earth  ;  that  is,  instead  of  de- 
scribing the  orbit  A  m,  they  will  describe  the  or- 
bit ea.    In  the  same  manner  the  waters  at  c  be- 
ing acted  upon  by  a  force  as  much  greater  than 
that  which  influences  the  centre  B  of  the  earth, 
as  the  square  of  0  jB  exceeds  the  square  of  0  C, 
will  be  deflected  farther  from  their  tangential  di- 
rection than  the  centre  of  the  earth,  and  instead 
of  describing  the  orbit  r/?,  will  describe  the  or- 
bit hcL 

As  the  earth,  tberefcH'e,  when  revolving  round 
the  centre  of  gravity  0,  will  be  acted  upon  by 
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the  moon,  in  the  same  way  as  by  another  body 
placed  in  that  centre,  it  will  assume  an  obl^e 
spheroidal  form  ab  c ;  so  that  the  waters  at  c  will 
rise  towards  the  moon,  and  the  waters  at  a  will 
be  left  hehvidy  or  will  be  less  deflected  than  the 
other  parts  of  the  earth,  by  the  lunar  attraction, 
from  that  rectilineal  direction  in  which  all  re- 
volving bodies,  if  influenced  only  by  a  projectile 
force,  would  naturally  mov^. 
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I. 

An  inquiry  into  the  NATURE  and  CAUSES 
of  the  WEALTH  of  NATIONS,  by  Adam  Smith, 
F«R.s.  Lt.D.  with  a  Life  of  the  Author,  S  vols  8^<>,  One 
Guinea  in  boards. 

ADVERTISEMENT 

TO  THE  PRBtENT  EDITION  OF  THIS  WORK* 

For  this  Edition  an  Account  of  the  Life  of  the  Author  hai 
teen  drawn  up ;  and  althourii  it  carniot  be  said  that  any  Facts 
relating  to  that  truly  great  Man  are  given»  in  addition  to  those 
which  have  already  appeared*  yet  a  more  satisfactory  Account, 
it  is  presumed,  will  now  be  found  of  his  Studies  and  DoctrineSy 
than  has  been  prefixed  to  any  other  Edition  of  the  Inquiry  into 
the  nature  and  causes  of  the  Wealth  of  Nations. 

There  are  likewise  prefixed,  a  Comparatire  View  of  the 
Doctrines  of  Smith  and^the  French  Economists,  and  a  Method  of 
facilitating  the  Study  of  Mr.  Smith's  Inquiry,  by  German  Car- 
nier,  of  the  Nations!  Institute,  Translator  of  thii  Work  into 
the  French  language. 

The  Advantage  of  some  Directions  to  the  Readers  of  this 
immortal  Work,  as  it  has  justly  been  called,  particularly  to 
those  who  have  not  previously  made  the  Science  of  Political 
Economy  their  Study,  has  been  generally  acknowledged.  The 
following  Observations  are  extracted  from  a  Review  which  ap^ 
peared  of  M.  GarniePs  Translation.— 

'  Mr  Gamier,  in  order  to  facilitate  the  anderttanding  of  his  author,  kts 
'  laid  down  the  headt  of  his  work  in  the  order  in  which  he  conceives  they 
'  ought  to  have  heen  treated ;  and  no  doubt,  had  the  course  now  sketched 

*  been  followed  by  Dr.  Smith,  his  book  would  have  been  read  wjth  more 

*  pleasure  and  interest,  and  his  doctrines  would  have  been  more  easily  ap- 

*  prehended.     We  are  of  opinion,  therefore,  that  the  arrangement  here 

*  given,  or  something  on  the  same  plan,  might  be  advantageously  prefixed 
<  !•  a  future  •dhion  Si  the  originaL'— ^1//.  U  Mmtbly  Rroirwy  i8oi. 


IL 

The  FABLE  of  the  BEES  j  or,  PRIVATE 
VICES,  PUBLIC  BENEFITS.  With  an  Essay  on 
Charity  and  Charity  Schools,  and  a  Search  in- 
to the  Nature  of  Society.  Also  a  Vindication  of 
the  Book  from  the  Aspersions  contained  in  a  Present- 
ment of  the  Grand  Jury  of  Middlesex,  and  an  abu- 
sive Letter  to  Lord  C — . 

«*  It  was  Dr.  Mandcvillc  who  seems  to  have  been  at  the  bot- 
tom of  all  that  has  been  written  on  this  subject,  (National  Eco- 
nomy) cither  by  Dr.  Snuth  or  the  French  Economists  ;-*That 
national  wealth  consists  in  industry »  excited  by  necessity^  nt- 
tural  or  luxunous  ;  that  the  value  and  perfection  of  all  the  sub- 
jects of  industry  de|>end  chiefly  on  the  division  of  labour ;  tint 
certain  labours  or  employments  are  productive,  and  others  m- 
productive ;  that  it  is  mechanics  or  ploughmen  that  are  demand* 
ed  for  national  wealthy  not  men  addicted  to  books,  who  oftea 
tend  to  make  the  poorer  classes  idle,  vain,  and  discontented  ;  that 
the  value  of  articles  depends  on  their  scarcity  and  plenty.  These 
are  the  leading  principles  in  Dr.  Mandevillc's  Fable  of  the  Bees. 
Let  any  man  of  candour  and  common  understanding  peruse  the 
Fable   of  the  Bees^  and  the  innumerable  publications  of  the 
Economists,    and  then  say,  whether  it  be  not  almost  certain, 
that  the  way  was  prepared  for  the  inquiries  wbA  concU&Moi»  of 
the  latter  by  those  of  the  former.  The  introduction  of  the  Fabk 
of  the  Bees  into  France  coincides  with  the  time  when  the  £co« 
nomists  received  the  impressions  of  education.  As  the  just  mode 
of  investigation  in  natural  philosophy  was  invented  by  English- 
men, so  also  the  just  mode  of  investigation  in  political  economy, 
how  to  make  a  people  powerful  and  happy,  the  m6st  important 
of  all  the  subjects  of  reasoning,  was  also  first  pointed  out  by  an 
Englishman.     Bacon  and  Newton  were  the  fathers  of  legitimate 
inquiry  in  natural,  and  MandeviUe  in  pohtical  philosophy.     It  is 
not  a  little  astonishing,  that  the  honour  due,  on  this  score,  to 
MandeviUe,  has  not  been  reclaimed  before  by  his  countrymen. — 
^tttijacobin  Review,  Dtc,  180^. 


